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Production Changes 


“N an earlier issue we commented on the fact that 
] in certain works production was easing down, 
and this had caused a general impression that the 
need for increased production had ceased to apply. 
We endeavoured to show that this impression was 
wholly wrong, because it must be obvious that attacking 
forces not only need more armament and equipment, 
but they consume more than forces entirely on defence. 
One aspect of the production problem especially men- 
tioned as likely to te responsible for easing up in the 
production of certain types of munitions was the chang- 
ing needs of the Forces due to the changing character 
of the various battle fronts. It was suggested that these 
changes would be better understood if an authoritative 
representative of the Ministry of Production explained 
the position, when a change in production became 
necessary, so that there would be less cause for the 
feeling arising that production was slackening. 

The position was recently reviewed by the Minister 
of Production, Mr. Oliver Lyttelton, in which he referred 
to the war situation at the beginning of this year, the 
outstanding feature of which was the fact that we had 
for the first time succeeded in securing the strategical 
initiative; while on the production front we had 
reached a position where, having largely built up the 
‘Capital equipment ” of the Armed Forces, especially 
of the Army, we were in a position to adopt a selective 
policy of concentrating our production upon those 
weapons and items of equipment which could bring 
the maximum impact upon the enemy. 

vecent events reinforce and expand the trends then 
foreseen and emphasise that we must swing over more 
and more of our resources to meet the growing oppor- 
tunities of heavier and concentrated attacks upon the 
enemy. A good deal of hard work and careful planning 
has been involved in changing the production programme 
to meet the new conditions, and in further and more 
extensive changes still to come. As soon as it is decided, 
that any particular type of production is to be reduced 
a survey is made of the various firms making the equip- 
ment in question and detailed decision taken regarding 
the distribution of the cut over these firms, after examin- 
ing the labour demands in the various areas and the 
possibility of reusing firms for alternative work. 
Until now it has been possible 


Vout. XXVIII. No. 167 


been rapidly reabsorbed on aircraft or naval work. 
These changes cannot be made without experiencing 
difficulties; they involve inconveniences and dis- 
turbances that give cause for complaints, since it 
means that workers may be required to change from 
the production of some component on which they are 
skilled to another on which some training is necessary 
before they are efficient enough to suffer no loss in 
earnings. It may, and frequently does, mean moving 
to another firm. But these inconveniences and dis- 
turbances, incidental to changes, are inseparable from 
industry and are a normal experience of peace-time 
activities ; they have long been accepted by both 
managements and workers. Under present conditions, 
despite occasional grousing, there is every indication 


that the changes are being taken in the right spirit, 


and everyone is co-operating to give effect to them. 

The problems associated with production changes 
tend to become more difficult as the war proceeds. 
Apart from the stringency of man-power, strategy 
demands that we stop or reduce the production of 
weapons and equipment which have either become 
obsolete, were specially needed for desert warfare, 
or of which abundant supplies are available. It is only 
by this means that we can concentrate our productive 
energies and resources upon those weapons of the most 
modern type which battle experience has shown to 
possess the maximum offensive qualities. 

Foremost amongst such weapons is aircraft. Unlike 
many other types of munitions, aircraft is a wasting 
asset with a very high obsolescence rate. This is due 
not only to the actual losses sustained in operations, 
but also to the constant need to maintain superiority 
of performance. The great increase in air offensive is 
directly related to the output of aircraft, and further 
increases in this offensive will be possible only 
to the extent that our production can be stepped up. 
To give effect to this, a further expansion in aircraft 
is planned. 

Further increases in certain types of naval vessels 
are also planned, and in the numerous scientific instru- 
ments and other devices used in war at sea. In the highly 
technical field of radio equipment we were well ahead 
of Germany at the beginning of the war, but it is only 
by intensive development that we have maintained 

; our lead. The need of this 





to plan the change so that the 


equipment is greatly increased. 


heaviest cuts have fallen on The fact that goods made of raw materials in Thus, production changes must 
those areas where there were short supply owing to war conditions are be accelerated, but over all 
already large unsatisfied advertised in ‘‘ Metallurgia’ should not be the plans provide for still 


deiands for additional labour. 
In this way the labour released 
trom work for Army supplies 





taken as an indication that they are necessarily 
available for export. 


further increases in total pro- 
duction, and we must see to 
it that these higher targets 
are achieved. 








has, in nearly every case, 
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Met nstitutes 
etallurgical Institu 

HE various technical institutes are playing a very 

useful part in the country’s emergency. In the 

early days of the war it was thought that war 
conditions would make the usefulness of these institutes 
almost negligible, actually, however, they have had a 
stimulating effect, and all the institutes that are con- 
cerned with metallurgy are more active to-day than at 
any time in their history. The main purposes of each 
of the institutes in this category are to provide a means 
of communicating matters bearing upon the manufacture 
of ferrous and non-ferrous metals and alloys and for the 
arrangement of meetings to discuss practical and 
scientific subjects concerned with the manufacture and 
working of these metals and alloys. 

It is true that the meetings, which are so valuable 
in maintaining contact between members, have been 
drastically curtailed. But even these show a tendency 
to increase rather than to diminish, and although 
general meetings have only been attended by a small 
fraction of members in comparison with peace-time 
meetings continued to function on 


meetings, local 


definite programmes, even during the most difficult 


times. Difficulties of transport and rationing, and the 
need for greater concentration of each member on 
emergency work, have reduced the time afforded for 
the larger general meetings, but vitally important work 
's being performed by these institutes in disseminating 
information that has a direct effect on production, both 
qualitative and quantitative. 

Elsewhere in this issue is published parts of some of 
the more recent work of the Iron and Steel Institute and 
the Institute of Metals. In the main, long-range 
researches have been discontinued ; this has been due 
largely to the need for the solution of more immediate 
new problems, but experience has shown that the solu- 
tion of certain problems, which have an important 
bearing on production, can only be reached by a fuller 
understanding of fundamental questions. 

Much of the work done by these institutes, since the 
war began, cannot yet be made public. The publication 
of papers has been hindered somewhat by the need for 
secrecy: however, a great number of extremely 
important and immediately useful papers are being 
published regularly. Actually, these institutes are as 
active as, if not more than, before the war. They are 
doing admirable work in meeting the need for the latest 
scientific and practical information on metals and alloys 
to forward the war effort and at the same time active 
work is proceeding on post-war problems, associated in 
some measure with substitutes, which have had to be 
employed under war conditions, with a view to stimulat- 
ing the use and scope of the various metals and alloys 
in peace-tin.e reconstruction. When a full report of the 
war-time activities of the technical institutes becomes 
available it will be found that each has made a valuable 
contribution. 

In addition to the normal work of these institutes, 
an important feature of the service they are giving to 
members is the information they have been able to 
gather regarding enemy literature on ferrous and non- 
This work has presented many diffi- 
con- 


ferrous metals. 
culties and the 
gratulated on their successful efforts to keep members 
in touch with developments. 


various organisations are to be 
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Outworking 


N the early part or the nineteenth century oit- 
I working was in fairly common operation in macy 
European countries, including this country, | it 
with the introduction of workshops and factories, 
designed to bring together increasing numbers of 
operatives and to make use of machinery, this system of 
working ceased to have any appreciable importance. 
During the last two years, however, the system has 
returned, and the latest figures show that 20,000 out. 
workers are now engaged in Britain at the present time. 
There is no doubt that the most efficient place to 
manufacture goods is in a factory, but the strain on the 
nation’s labour resources necessitates many expedients 
that would not be justified under normal conditions. 
In some localities labour demands exceed supplies, and 
imported labour tends to increase the strain on resources ; 
it can be relieved to some degree, however, by taking 
from congested areas any portion of the work done 
there which can, by the exercise of a little ingenuity and 
trouble, be carried out elsewhere, thus providing a means 
of harnessing the productive capacity of workers who 
cannot, for various reasons, leave their localities. 

The Ministry of Production, in collaboration with 
the Ministry of Labour and the Supply Departments, 
has recently issued a brochure describing several 
different types of outworking schemes throughout the 
country and explaining how to organise such schemes. 
The attention of managements is especially directed to 
these schemes in whose areas additional labour is still 
required to meet expanding production programmes, 
and where outworking is likely to provide a meens of 
meeting part of the requirements. 

Outworking falls into two main 
instance, arrangements can be made for people to do 
work individually in their own homes, in small groups 
working in the homes of their friends, or in suitable 
rooms in the locality ; on the other hand, halls or other 
premises in suitable centres may be taken over and 
opened up as a small branch works to be manned by 
local people operating on a spare-time basis. 

The problem is not to find outworkers, but to convince 
manufacturers of the advantages of outwork in areas 
where demands for additional labour for the expanding 
production programmes are still unsatisfied. Apparently, 
more people are prepared to do outworking than there 
is outwork for them to do. A great deal can, however, 
still be done, and industrial managements in congested 
and industrial towns are asked to examine all the jobs 
now being done inside their factories and study how they 
can make better use of labour available. Interested 
manufacturers should make arrangements in consulta- 
tion with the officers of the Regional Boards, with whom 
they normally deal, so as to avoid unnecessary duplica- 
tion in the same non-industrial or rural district. Regional 
Controllers of the Ministry of Production have under- 
taken to act as the co-ordinating authorities for the 
establishment of outworking schemes. 

The brochure gives some interesting examples of 
successful outworking schemes. There is the case of an 
electrical firm, for instance, which discovered that 116 
jobs were capable of being outworked. Three firms 
were willing to become agents, and these distributed 
work to the surrounding district. A staff was provided 
to give instruction, and in less than 24 hours of delivery 
of the first load an urgent request was received for more. 
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On the Solubility of Silver in Mercury 


By Douglas Rennie Hudson B.Sc., Ph.D. 


(Lecturer in Metallurgy, Heriot-Watt College, Edinburgh). 


ABSTRACT. 


From determinations of solubility of silver in mercury carried out in sealed glass bulbs, together with 
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liquidus data, it is shown that solubility right up to the melting-point of silver can be represented very closely 


by three straight lines :- 


logyoN ag 0-67035 — 1134-7 T" 





logyoN ag 2-9065 — 2481-8 T" 


logio Na, 00-7441 — 918-2 T" 














up to 330°C, 





330° to 450° C, 


450° up to m.pt. of silver 


Their intersections, however, have no relation to the peritectic formation temperatures of Ags Hg, at 276°C. 
and AgsHgs at 127° C., and these points do not appear at allon the plot of log Ny, against T“', which according 


: H l l . 
to Schréder’s equation log N _ —— — -—— } should be a single straight line. At ordinary temperatures 
i £-%1 R i I £ & A I 
m 


the solubility is only about a fortieth of that given by this equation derived thermodynamically, or about a 


hundredth if Hy, the latent heat of fusion, is corrected for temperature variation. 


The approximate expression applicable to unlike atoms RT logjoNag 
fits observed values very well up to the boiling point of mercury, if K 


KN'g, = K (1 — Nyy) 


465 as calculated from the experimental 


value of solubility at the steam-point ; even beyond the limit of agreement it yields an analogous reversed 


—S curve. 
equation (in which @ is the * 


- a| : 
R T logy XN Vi 
Ni 


» - Hl 4 
the observed solubility leads to a value of 14 for [P|] — P35] 


A roughly parallel curve holds for silver dissolved in liquid tin. In Hildebrand’s more exact 
ideal * solubility given by Schréder’s equation) 


No Ve so i 
a ~) [ri- Ps] 
No V2+ N, Vi ' 


compared with approximate values of 24 


$1, 15, 18, 39, calculated from very different purely physical properties. The deviation from Schréder’s straight 
line deduced from Raoult’s law is therefore only a half or third of that which might be calculated from the 


internal pressure P of the two metals as indicated by known data. 


It is concluded that the mutual attraction 


within a pair of unlike atoms Ag—Hg, is in this case greater than the geometric mean of those within pairs 


of like atoms, Hg—Hg and Ag-Ag. 
hitherto investigated, and to previous conjectures. 


UMEROUS determinations of the solubility of 

silver in mercury have been made at isolated 

temperatures, as well as over short ranges ; 
chief among the latter age the careful and very con- 
cordant determinations emanating from  Sunier’s 
laboratory.': * * 4 Above 200° C., however, about which 
trouble due to vaporisation becomes acute, one value 
only—that of Reed at 212-7°4—is available. 

By carrying out the determination within a sealed 
tube of refractory glass it has been found possible to 
attain a temperature as high as 450° C., substantially 
above the boiling point of mercury at normal pressure 
at 356-7°C. The effect of the increase of external 
pressure due to the enhanced vapour pressure of mercury 
will be at least of the same order as that on the melting 
point of silver. By the Clausius Clapeyron eauation— 


wT (Ve Vy 
dP H, 


this may be calculated for the experimental conditions 
to be a few thousandths of a degree per atmosphere, or a 
lit‘le over 0-02° C. at 450°C. This is quite negligible 


Sunier and Hess. J. Amer. Chem. Soc., 8@ 








De Right. J. Phys. Chem., 37, p.A05, 1933. 
Maurer, J. Phys. Chem., 42, p. 515, 1938 


Reed. J. Amer, Chem, Soc., » Pp. 662, 1928, 





intermetallic compounds of silver and mercury, relatively stable, and existing in well-defined space lattices. 


This is in sharp contrast to the behaviour of most organic molecule pairs 
It is, however, concordant with the existence of two 





compared with the thermostatic error when boiling 
liquids are used. 

Up to 330° C. solubility follows accurately the simple 
exponential law, but there a sharp break occurs. In 
the lower ranges the present results confirm established 
values, and in the higher range they dovetail very 
accurately into Murphy's thermally determined liquidus 
points.'* From consideration of all data available, 
solubility can be expressed very closely right up to the 
melting point of silver by three straight lines :-— 

log,oN = 0-67035 — 1134-7 T-!. .up to 330° C. 

log,gN = 2-9065 2481-8 T-'. .330° C. to 450° C. 

log;gN = 0-7441 918-2 T-'..456° C. to melting 

point of silver. 
It is reasonable to correlate their intersections at 330 
and 450° with the peritectic formation temperatures of 
Ag,Hg, at 276° and Ag,Hg, at 127°, but a careful large- 
scale plot of all results showed that this definitely 
would not hold. Despite their constant formation 
temperatures and measurable heats of formation, these 
phases do not manifest themselves in any sense on the 
logarithmic plot, and below 330° C. this departs from a 
straight line only by a slight and consistent concavity. 
The slopes of the upper and lower branches are approxi- 
mately equal, while that of the middle portion is much 
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greater, on this basis solutions up to N,, = 0-06 and 
Nu, = 0:7 may be regarded as “dilute ’’ even though 
deviating greatly from Raoult’s law. 

Schréder’s elementary equation for solubility is well 


known® 
H /1 ] 
R\ 1. T 


In this H is the latent heat of solution, approximately 
equal to that of fusion. The expression implies that 
solubility is independent of the solute, provided Raoult’s 
law holds. We denote this “ideal” solubility by a. 
The derivation assumes tacitly that the components do 
not vary except in label (or at least not very greatly). 
i.e., properties like polarity, constitution, volume, are 
almost identical. In polarity silver and mercury are 
almost identical, standard electrode potentials being 
0-799 V for Ag/Ag and 0-798 V for Hg/Hg, In 
atomic structure they are not dissimilar. 


log.N 


Both atoms possess 2: 6: 10 orbitals (at 48 : 4p : 4d 
and 5s: 5p: 5d levels respectively), which one would 
expect to be roughly equivalent in screening the nucleus, 
the Ag atom in the N shell and the Hg atom in the O 
shell; the latter atom has two “ free” electrons com- 
pared with one in the silver atom. These outer electrons 
have always been regarded as determining the valency 
of an element in “ chemical’’ combination (octet 
bonding), but in intermetallic combination they are 
probably less important than electron : atom ratios. 
For example, the very unusual ratio of 21:13 which 
holds for the complex brass structure has been explained 
beautifully by Jones® on the basis of Brillouin zone filling. 
The massive atomic volumes of silver and mercury, 
extrapolated where necessary, are 10°81 and 14-80 
(liquid), 10-27 and 14-27 (solid). The pseudo lattice 
structure of liquid mercury, possibly cybotactic, is to a 
first approximation a close-packed lattice structure 
identical with that of silver (@ 4-O77A): that of 
solid mercury is a simple rhombohedral lattice with 
a = 3-00, cosa = 1/3, a = 704°, this may be regarded 
quite accurately as a face-centred cubic lattice distorted 
by a shear stress along and parallel to one face. The 
nearest distance of approach between atoms is thus 
2-833a and 3-004 for silver and mercury respectively. 
Thus the present pair shows a definite but not extreme 
difference, instead of the identity or near-identity 
postulated in the thermodynamic derivation. 

Attempts to forecast deviations from ideality have 
been made by the basis of (a) cohesive energy density 
by Seatchard,’ (6) pseudo-cubic lattice structure in the 
liquid solution by Heitler,* (¢) vander Waals’ forces by 
Van Laar,® (d) statistical mechanics by Guggenheim,'° 
and by Rushbrooke."','® Using probability functions 
and assuming (1) negligible repulsion, (2) spherical 
symmetry, (3) attraction between unlike molecules to 


lO Gugeenheim 


Al Rushbrook« 
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be the geometric mean of those between like molecule s, 
Hildebrand" has derived the equation which has becn 
confirmed by Butler'* using Langmuir’s treatment— 


2 2 
RT log 3) ‘a vin] Pt " P| 
—s 


in which P is the internal pressure. For dilute solutions 
(i.e., at both ends of the system) this reduces to the 
simple form— 


a k (1 - 
lotio( x!) = logy oY =—- T 


which can be used as an approximation over the whole 
range if V, and V, are not too different. When V, = V, 
it holds for all values of N between zero and unity. This 
equation gives a plot of N against T-' as an elongated 
reversed—S. This is well shown in Fig. 1, with the 
theoretical solubilities of iodine in ethylene dibromide, 
carbon disulphide, chloroform, and carbon tetrachloride, 


N,)? 





Atomic 
Mass, 


Term 
Symbol 


Z| 


2s O7-°SS8 
1/2 ‘ 




















y 2s*c 
+ 
cous” 
RECIPROCAL OF ABSOLUTE TEMPERATURE 





Fig. 1.—Logarithmic solubility of iodine in organic 

and inorganic solvents, showing degradation from 

the ideal as the difference in internal pressures 
increases. 


with diminishing values of k. Most of the solubility 
data hitherto available are spread over too short a range 
of temperature to demonstrate this unexpected shape. 
An interval exceeding 50° C*is uncommon, while in the 
present work it exceeds 950° C., allowing the shape of 
the curve to be explored much more accurately. The 
experimental data for the solubility of silver in mereury 
give a plot strikingly similar to the theoretical curve for 
iodine in chloroform calculated wholly on data relating 
to one physical property—the latent heat of vaporisation 
—and entirely without reference to chemical combina- 
tion or solvation. Calculation of N as a function of T! 
from the transcendental equation— 


= (x) k (1 — N,)* 
=10 N, T 


is very laborious, though in no sense difficult ; it may 
be carried out either graphically or by successive approxi- 
mation. Substitution of experimental data for the steam 
point yields a value of 465 for k. The curve for this 
value reproduces the observed values of the solubility 
of silver in mercury very closely up to the boiling point 
of mercury, and even above this where it diverges from 


12 Hildebrand. 
13 Butler and Harrower, 


New York, 1936,2nd Edition, Chap. LX and X 
171, 1937, 


* Solubility. 
Trans. Faraday Soc., 33, p 
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determinations. 







The application of thermodynamical equations to 
metallic systems has not hitherto found much favour 
amongst investigators, and it is not difficult to trace the 
reason for this in the large number and variety of inter- 
mediate phases, stable sometimes over small ranges of 
temperature, which seem to obey no known valency 
relations and are, indeed, probably not governed by 
ordinary rules of combination. The existence of solid 
solubility (substituent and interstitial) and the recal- 
citrance of many pairs to reach equilibrium, are two 
other difficulties. 

A relatively simple correction can, however, be applied 
for solid solubility : the expression N in all the equations 
considered is replaced by N,/Ns. For calculation this 
is not at all convenient, and it is much easier to plot 
experimental values not as log,gN, but as (logy 9N, 
log, Nx), in this way thermodynamic requirements are 
fully satisfied. In Fig. 3, therefore, the theoretical curve 
should be compared with the experimental curve 
corrected for solid solubility. The corrected value of k, 
again calculated from the experimental! data at the steam 
point, is found to be 388, and the curve for the theo- 
retical equation has also been drawn. Agreement 
between computed and observed solubility is even better 
than in the case of the uncorrected solubility, as one 
would reasonably expect. 

Using his rather complicated and at first sight dis- 
raging equation, Hildebrand"? has achieved notable 
success in forecasting the solubilities of iodine, stannic 
io lide, and phosphorus in organic and inorganic solvents. 





in mercury. 


Progressive degradation from the ideal solubility, as the 
difference between internal pressure of solvent and solute 
increases, is well illustrated in Fig. 1, plotted from his 
data. Several methods are available for computing or 
estimating internal pressure—e.g., surface tension or 
surface energy, heat of vaporisation, the ratio of the 
coefficients of expansion and compressibility, the 
coefficient of expansion, the @ in the van der Waals 
equation of state, the van der Waals “reduced ” 
equation (Richards’ intrinsic pressure).'® Unfortunately, 
the position is still far from happy. Some of these are 
approximate at best, others can give only relative and 
no absolute values, many involve small physical co- 
efficients known to no great accuracy owing to difficulty 
of measurement. Nevertheless, a difference term, in 
which the method is to some extent eliminated, should 
show more concordant results. Owing to lack of data, 
the calculation depending on the van d r Waals @ cannot 
be used. The other methods, in order, give values of 
23-8, 40-9, 15-5 (¢), 18-2, —, 39-1. The scatter is 
uncomfortably wide. On the other hand, if k = 465 
(for the uncorrected plot) the data give a value of 14 
from solubility; if * = 388 (from the observed data 
corrected for solid solubility—i.e., N,/N, instead of N,) 





the value is 12-8. Thus the deviation from ideal 
1! Day and Mathewson tmer. lust, Min, Met. Rng. Tech. Pubin., 9@4, 1938. 
15 London, Z, Physit, 63, p. 245, 1930; 1930, 









Z. Phys, Chem.(%), 11, p. 222, 
16 Richards. J. Amer. », S65, 1926, 
17 Mortimer, J. Amer. . ] 
18 Murphy. J. Just. Met., 46, p. 507, 1931. 
19 Fowler and Rushbrooke, Trans, Faraday Soc., 33, p, 1272, 1937. 
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Forthcoming Meetings 


The Institute of Metals 


autumn meeting will be 


held 
on Wednesday, at 4, Grosvenor Gardens, 
London, S.W. 1, beginning at 3 p.m. Following the 
opening formal business, the following papers will be 


The thirty-fifth annual 


Septembe r 22, 


presented for discussion : 
‘New Methods for the Examination of 
Metal By F. A. Champion. 
The Surface Protection of Magnesium Alloys.” 
N. Parkinson and J. W. Cuthbertson. 
The Structure of Rolled and Annealed Aluminium 
as Revealed by X-rays.” By E. E. Spillett. 
Directional Characteristics of S ngle-Texture-Struc- 
Copper Strip.” By Maurice Cook and T. LI. 


Corroded 


By 


ture 
Richards 


The Iron and Steel Institute 
Joint Meeting in Manchester 
ARRANGEMENTS have been made for a joint meeting of 
the Manchester Metallurgical Society, the Institute of 
Metals and this Institute, to be held on September 29, 
1943, at 6-30 p.m., at the Engineer's Club, Albert 
Square, Manchester, at which Dr. W. H. Taylor will 
give a lecture on “ Lattice Structures in Relation to 
Physical Properties of Metals.” 
It is expected that the President of the 
Metallurgical Society will be in the chair. 


Manchester 
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Electro-Depositors’ Technical Society 
THE opening meeting of the above Society will be held 
at the Northampton Polytechnic, St. John Street, 
Clerkenwell, London, E.C.1, on September 27th, at 
6 p.m., when the President, Dr. J. R. I. Hepburn, will 
deliver his address on the subject of ** Alloy Deposition.” 


North-East Coast Institution of 
Engineers and Shipbuilders 
Diamond Jubilee Session 

meeting of the 60th Session of the above 
held on October 15, at Bolbee Hall, 
Neweastle-on-Tyne, when Mr. J. Ramsay Gebbie will 
begin his second year of office as President and will 
deliver an address. The fact that this Institution will 
be entering its *‘ Diamond Jubilee Session ” will add 
greatly to the interest of this meeting, especially since 
the maritime strength of the nation is due, in a large 
measure, to the contribution of the North East Coast, 
in which this Institution has played an important part. 


THE first 
Institution will be 


Sheffield Metallurgical Association 

A JoUNT meeting of the above Association and Sheffield 
Society of Engineers and Metallurgists will be held at 
the Royal Victoria Station Hotel, on September 28 at 
6 p.m., at which Sir Lawrence Bragg, O.B.E., F.R.S., 
will speak on * The Strength of Metals.” Dr. W. H. 
Hatfield, F.R.S., will oceupy the chair and will be 
supported by Mr. G. Glenn. 
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Non-Ferrous Metals and Alloys for 
War Purposes 


War Emergency Specifications to Conserve Supplies 


non-ferrous metals have necessitated stringent economies 

in their use. In order to conserve and make the best use of those available, new 

emergency specifications have been issued, and some degree of rationalisation has been 

effected. These are reviewed, so that fairly complete information regarding them may be 
available for convenient reference. 


Restrictions in supplies of 


HE enormously increased demand for non-ferrous 
metals during the last four years for war purposes, 
together with the restriction of supplies of virgin 

metals available have made it necessary for the most 
stringent economies to be effected in their use. The need 
for conservation and economy applies to all non-ferrous 
metals and alloys to a greater or less degree, and it has 
been met to a certain extent by the preparation of new 
war emergency specifications and by a certain degree 
of rationalisation. The work of preparing new specifica- 
tions has been carried out by the Non-Ferrous Metallurgy 
Industry Committee of the British Standards Institution, 
by the Non-Ferrous Metals Control, and by certain 
Service departments. 

tationalisation so far as copper alloys are concerned 
has resulted in the production of a Services Schedule of 
non-ferrous metals and alloys for armaments and general 
engineering purposes, drawn by a conference of the 
technical representatives of various Government Depart- 
ments, together with those of several manufacturing 
firms, convened by the Superintendent, Technical 
Applications of Metals, Ministry of Supply. Much 
assistance has also been given by the British Standards 
Institution, the British Non-Ferrous Metals Research 
Association, and the Copper Development Association. 
Economy of tin in plain bearings and bearing metals 
has been the subject of a report drawn up by a Technical 
Advisory Committee appointed by the Ministry of Supply 
and the Tin Research Institute. 


War Emergency Specifications 

New emergency specifications have been prepared by 
the British Standards Institution during the last two 
years for copper alloys, silicon bronze, high-tensile 
bronze, and phosphor bronze ingots and castings, as well 
as for high-tensile brass bars, sections and forgings. The 
main object of these specifications has been to economise 
in the consumption of tin in copper alloys either by 
producing alloys of a lower tin content than those 
commonly in use or by using alloys free from tin. This 
need has been caused by the scarcity of tin, as approxi- 
mately one-third of all the tin used in this country goes 
into copper alloys. The necessity also of using the sup- 
plies cf brass and bronze scrap which are available 
from 1.achining operations and other sources has also 
been taken into account in preparing the various 
specific itions. 

To assist users to meet the urgent need for tin con- 
servation, a new range of standards for copper alloys, 


ingots and castings Nos. 1021-1028 were prepared and 
issued by the British Standards Institution in 1942 at 
the request of the Non-Ferrous Metals Control. Specifi- 
cations for alloys free from tin which may be used with 
advantage for special purposes if produced by manu- 
facturers having experience of such alloys are silicon 
bronze B.S. 1029-30 and aluminium bronze B.S. 1031-32 
and 1072-1073. These new war emergency specifica- 
tions for bronzes, brasses and tin-free copper alloys are 
summarised in Table I. 

For the duration of the war, it is proposed that 
Admiralty gunmetal, 88/10/2, B.S. 382/383, should be 
severely restricted, and that gunmetal 87/9/3/1, 
B.S. 900/901 should not be used. The 88/8/4 alloy is 
recommended as a suitable substitute for 88/10/2 
gunmetal, but is to be used only for very special applica- 
tions and for its manufacture virgin metal must not be 
used. For castings suitable for general purposes subject 
to medium steam pressures (above 100 lb. per sq. in. 
working pressure) and at temperatures not exceeding 
500° F. (260° C.) and for certain highly loaded unlined 
bearings and for high-grade backings of lined bearings, 
the 86/7/5/2 alloy is recommended, while for general 
purpose castings subject to steam pressures up to 100 Ib. 
per sq. in. working pressure and temperatures not 
exceeding 400° F. (205° C.) and water pressures up to 
200 Ib. per sq. in. working pressure and for well-supported 
backings of certain lined bearings the 85/5/5/5 alloy, 
B.S. 897/898, is considered suitable. Where tin-base 
alloys can be dispensed with, Type A and B brass are 
to be used. 

Both the aluminium bronze alloys, B.S. 1031/32 and 
1072/73, are suitable for high-strength, high-temperature 
castings, and are available for replacing tin-bearing 
alloys for many purposes, particularly as they are very 
resistant to sea-water corrosion. The war emergency 
specification B.S. 1029/30 for silicon bronze covers such 
specific alloys as P.M.G. and Everdur. B.S. 207/208 for 
special brass ingots and castings also gives an alloy 
suitable for many purposes, and is substantially free 
from tin. In 1942, two new war emergency specifications, 
Nos. 1058/1061, for phosphor bronze and leaded bronze 
ingots and castings were issued by the British Standards 
Institution. The first alloy which is specified for all 
high-duty work, especially for aircraft purposes, con- 
tains not less than 10°, of tin and 0-50°%, of phosphorus, 
while the second alloy, which contains 6-5 to 8-5% of 
tin, 2 to 5% of lead, not more than 2%, of zine, and not 
less than 0-3°%, of phosphorus, and which should be 
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made as far as possible from scrap, is recommended as 
a substitute for higher grade phosphor bronzes for many 
purposes. 

With regard to wrought non-ferrous alloys, a new war 
emergency specification B.S. 1000/1002, has been issued 
for high-tensile bars and sections suitable for 
forging, and also for two types of high-tensile brass 
forgings, one suitable for soldering and the other not 
suitable for soldering. From the results of the ex- 
perience gained by the use of these specifications during 
the war period it is hoped a definite standard will be 
established for them at a later date. A number of D.T.D. 
specifications have also been issued for silicon brass and 
chromium-nickel-silicon brass in the form of rolled sheet, 
strip, foil and tubes ; for phosphor bronze and chromium 
bronze in the form of sheet and strip, tubes, rods and 
wires; for aluminium bronze in the form of rods and 
other forged products, and also for castings ; for high- 
nickel copper alloys in the form of sheet, bars, strip, 
rods, tubes and wire ; and for copper-nickel-zine alloys 
(nickel-silvers) in the form of sheet, strip, rods, rivets, 
tubes and wires. D.T.D. specifications have also been 
issued for chromium and aluminium alloys and for 
magnesium alloys, both in their cast and various wrought 
conditions. 


brass 


Bearing Metals 

A very important quantity of tin is absorbed in white 
metal alloys for bearing purposes, and in order to con- 
serve available supplies it has been found necessary to 
make certain recommendations with regard to the 
alloys used for particular purposes. A report on the 
economy of tin in plain bearings and bearing metals 
has beer drawn up by a Technical Advisory Committee 
of the Ministry of Supply, and the Tin Research Institute 
and has been widely circulated to all those interested in 
the production and use of such alloys. In this report, 
with a view to ensuring that only the adequate pro- 
portion of tin is used for each different type of service, 
white metal bearing alloys have been divided into four 
groups, according to their tin content, and an exhaustive 
list of types of bearings has been provided and the appro- 
priate alloy group indicated for each type of bearing. 

The four groups into which the tin and lead-base 
white metals have been divided are (1) 80—92°, tin, 
(2) 68-75°, tin, (3) 7-12°, tin, and (4) 0-5% tin. Alloys 
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Mechanical Pro; 


Tensile 
Strength 
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Other 
Elements. 
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0-5 } 14- 

max, 
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o-ol 


0-75 max, 


ele 


O-d 
max. 
0-3 
max, 
0-3 1- 
max, 


of group (1) are recommended for use in aero-engines 
and for main crankshaft bearings and connecting rod 
big-end bearings in high-speed internal combustion 
engines and in compression ignition engines for marine 
main propulsion, and alloys of group (2) for similar 
bearings and crosshead bearings in stationary com. 
pression ignition engines under 700 r.p.m. For camshaft 
and all other types of bearings in internal combustion 
engines ; for most bearings in steam turbine and steam 
reciprocation engines, except turbine, rotor and main 
bearings: and for road vehicle and machine tool 
transmission bearings alloys of group (3) are considered 
suitable. For power transmission shafting and _ roller 
and chain conveyer bearings alloys of group (4) can be 
used. 

To economise in tin, it has also been recommended that 
in bearings lined with white metal in which no bearing 
properties are demanded of the backing, steel, brass or 
tin-free backing materials should be used. Lined 
bearings in which bearing properties are demanded of 
the backing, so that such bearings may continue in 
service after failure of lubrication or after severe wear, 
may still be made from tin bronzes provided Admiralty 
gunmetal and higher grade phosphor bronze are not 
used. 

Services Schedule, B.S. S.T.A. 7 

A schedule of non-ferrous metals and alloys has been 
prepared recently as a statement of the joint require- 
ments of the Services for non-ferrous metals and alloys 
for armaments and general engineering purposes. This 
schedule, as previously stated, has been drawn up by a 
conference of the technical representatives of the various 
Government Departments, together with those of several 
manufacturing firms, convened by the Superintendent, 
Technical Applications of Metals, Ministry of Supply. 

Although the tonnage of non-ferrous alloys used is 
small, when compared with steel, a very large number of 
alloys are used and are made to numerous Service, 
British Standard, and private specifications. The 
rationalisation of the whole field of the non-ferrous 
metals and alloys requires, therefore, a survey of very 
considerable magnitude, and in view of the time likely 
to be involved, it was decided to deal first with the most 
important group—namely, the copper alloys, Table H— 
and to publish that group as a basis for the addition o! 
others. Schedule 8.T.A. 7, therefore, represents that stage 
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TABLE II. 


A. 7. 


AND ITS ALLOY, GROUP 1, SERVICES SCHEDULE B.S. 


1 


Alloy. 


Aluminium bronze (A for aluminium). 
Gunmetal (G for gunmetal). 

Manganese bronzes or high-tensile brasses (M f 
Phosphor bronze (P for phosphorus). 

Silicon brasses and bronzes (S for Silicon). 
Brasses (Z for zinc). 


Extra or special purpose alloys (X for extra). 


of the work and has been prepared in loose-leaf form to 
facilitate the addition of subsequent sections dealing 
with other groups. 

The preparation of this schedule has involved 
consideration of existing British Standard Specifications, 
and the composition limits of these have been used as 
far as possible. In gereral, the alloys in the schedule 
are defined by composition and mechanical properties, 
but in a few cases definition is by composition alone. 
In certain alloys, as in the case of cartridge brass, other 
requirements, such as grain size, are specified. 

Considerable simplification has been effected by 
reducing the number of specifications to the minimum 
necessary to cover all essential requirements. Parallel 
with this reduction in number, simplification in terms 
has been carried out wherever possible. Particular 
attention has also been paid to the ruling war-time 
conditions, which necessitate the economical use of all 
scrap, and in some cases (where consideration has to be 
given to the shortage of any particular metal), influence 
the choice of an alloy for a given purpose. The scrap 
factor has in some cases involved raising of the maximum 
value for impurities, where this may be safely done 
without adversely affecting the properties of the material. 
In the case of 70/30 cartridge case brass, however, the 
need for conserving scrap of low lead content, in order to 
avoid trouble in the hot rolling of this material, has 
justified a tightening of the restriction on the lead 
content. 

rABLE IL—ALLA .M. 
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In preparing the schedule, a simple form of nomen- 
clature has been devised which will be adopted through- 
out the complete schedule. It facilitates reference, 
avoids the disadvantage of numbers, and facilitates the 
insertions of new alloys into any part of the classification. 
The prefix letter C (C for copper) is applied to the whole 
copper alloy series, which comprise Group I of the 
Schedule. The second letter indicates to which sub- 
group of copper alloys an alloy belongs, according to the 
system given in Table II. A numeral following the two- 
letter prefix indicates to which particular type of material 
in that sub-group reference is made. C.Z. 5, for example, 
indicates cartridge brass in the brasses series. A material 
so designated may be sub-divided further by the addition 
of the letters A, B, C, etc., to cover different applications, 
compositions or mechanical properties. The addition 
of a suffix —/1 has been made in certain cases to cover 
special requirements involving small differences in 
composition or mechanical properties. 

In the copper C series are included a tough pitch 
copper and a deoxidised copper, both suitable for hot 
or cold-working, the latter not being susceptible to 
cracking when heated in a reducing atmosphere. The 
Aluminium Bronzes—C.A. Series include four alloys, 
two wrought and two cast. The wrought alloys are a 
95/5 and a 90/10 alloy, the former suitable for hot 
or cold working, and possessing high ductility, and the 
latter, in which optimum mechanical properties are 
obtained by rapid cooling from the hot-working tempera- 
ture suitable for valve seats, valve guides, etc. The two 
cast alloys suitable for sand and die-castings are to 
B.S. Specifications 1032 and 1073. Gunmetals in the 
C.G. Series include an 88/10/2 alloy for hard-rolled bars, 
and the four castings alloys 88/10/2, 88/8/4, 86/7/5/2, 
and 88/5/5/5, whose applications have already been 
given. 

The high-tensile brasses (manganese bronzes) have 
been standardised for the first time in the C.M. Series 
of the schedule. This series is given in Table III, and 


(MANGANESE BRONZES) SERVICES SCHEDULE 3B,s,/s.1T.A, 7. 
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“hows the various alloy high-tensile brasses standardised, 
the relevant specifications relating to them and their 


uses. Previous efforts to lay down identifiable limits of 


composition for this class of alloys have been made in 
times of peace, and have been frustrated by the large 
variety of compositions made commercially for the same 
mechanical properties. Under war conditions it became 
imperative by reason of the scrap position and produc- 
tion problems to fix definite alloys, and with the co- 
operation of industry, the large variety of mechanical 
test have been 


condensed into a rational series. 


requirements for this class of alloy 


In the C.P. Series, six phosphor bronzes are included, 
two for wrought alloys covering annealed and cold- 
rolled sheet and strip, hard-drawn tubes and wire, and 
bars, rods and sections ; and four for castings of various 
types, one being for leaded phosphor bronze and a second 
having a high tin content. All the phosphor bronzes are 
to British Standard Specification except one, which is 
to the Admiralty Specification. Equivalent American 
specifications are given for each ailoy. Two silicon 
brasses and bronzes are included in the C.S. series, the 
first of these in three varieties, covering bars and rods, 
sheet and strip, and castings, and the second for hard- 
drawn tubes. 

The brasses, C.Z. Series, consists of fifteen alloys, 
some sub-divided into two or more varieties, to British 
Standard, Admiralty and American Specifications. 
Aluminium brass, 70/30 brass ; Admiralty brass, 65/35 
brass, 63,37 brass, naval brass, leaded brass, and brass 
for castings are included. Some of the alloys are used 
for wrought materials and others for die and other 
castings. In the classification, the opportunity is taken 
of bringing together the various requirements often 
specified separately for the same composition of alloy 
prepared by different methods. This applies particularly 
to brass containing 56-5 to 60°, copper, C.Z. 9, the most 


commonly used alloy of the series, and should be of 


practical value in various connections. 

It has also been found necessary to include in the 
schedule a number of alloys which are not suitable or 
desirable for general use in present circumstances, or 
which are normally specified for a special purpose. This 
class of materials is placed in the CX. Series, and include 
along with others such alloys as 80/20 brass, Admiralty 
high-tensile brass, high-tin bronze, aluminium bronze for 
die-castings, a silicon-nickel-copper alloy, and phosphor 
bronze for sand or chill-cast worm-wheels. 

A matter closely affecting production of non-ferrous 
parts is the desirability of utilising the most readily 
machinable alloy for its purpose. The former practice 
of relying on a specified set of mechanical properties 
without regard to other factors, such as composition and 
effects of subsequent hot or cold working, has obvious 
disadvantages which have been the source of trouble in 
manufacture. It has therefore been found desirable, 
for example, to differentiate between a hard-drawn 
straight lead brass (C.Z. Series) and an intrinsically hard 
alloy brass (C.M. Series), which are not necessarily inter- 
changeable, although having similar tensile properties. 
It is hoped that by the use of the S.T.A. 7 Schedule and 
the elimination of the alternatives, the same part will be 
reproducible with general uniformity in properties and 
with uniform ease of manufacture. 
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Conditions of supply are laid down, governing al! the 
materials in the schedule and covering inspection pro. 
cedure, and British Standard tolerances are included 
through the courtesy of the British Standards Institution, 
Conditions of supply cover composition ; manufacture 
and tolerances and provision of test-pieces and con. 
ditions governing testing for (1) sand chill and die. 
(2) bars, rods and sections ; (3) plate, sheet, 
strip and foil; (4) tubes; and (5) forgings and stamp. 
ings; heat treatment; and tests. As regards the 
mechanical tests, the proof test given in the schedule 
refers to the load at which the permanent extension 
must not be greater than 0-2%. This figure has the 
advantage that it can be determined by the common 
scribed line method of test, whereas the 0-1°% proof 
stress required by B.S. specification has to be determined 
by the extensometer. In cases where Brindell hardness 
values are specified to govern the condition of the 
material, Diamond Pyramid or Rockwell hardness 
numbers may be used by agreement. As _ increased 
use is now being made of photo-micrographic standards 
of comparison for grain size, and in order to facilitate 
their use, such standards have been included in the 
schedule by the courtesy of the American Society for 
Testing Materials. 


castings ; 


British and American Specifications 

In 1942 a summary of British and American Standard 
Specifications for non-ferrous metals was prepared at 
the request of the Central Priority Department of the 
Ministry of Supply and issued by the British Standards 
Institution as B.S. 1007. In this summary it was 
orginally intended to have established ‘Tables of 
Equivalency *’-—that is, to give a definite indication of 
what American specifications could be regarded as 
providing material corresponding to that covered by 
the relevant British Standard. Owing to the fact that 
the basis on which the specifications have been framed 
is not identical in the two countries, in many of the 
cases it was found impossible to prepare such tables of 
equivalents. As an alternative, therefore, tables showing 
the comparative requirements have been drawn up in 
the hope that they will provide a means whereby each 
Department or user can assess for themselves the extent 
to which they can work to American Specification. 

These tables, some 35 in all, include aluminium, and its 
alloys, cadmium alloys ; copper and its alloys, lead and 
lead-base alloys, magnesium and magnesium. alloys, 
nickel, and high and low alloys, nickel alloys, tin and 
tin-base alloys, and zine and zine alloys. All these 
metals and alloys in their cast and various wrought 
conditions are dealt with. In the tables, for each metal 
or alloy are given its composition limits, its British 
Standard Specification or other British Specification, 
if any, the American Society for Testing Materials 
specification, or other American specification, if any, the 
scope of the specification, and the approximate ultimate 
tensile strength in Ibs. and in tons per sq. in. 


The specifications included in the tables are the British 
Standards Specifications, general series and aircraft 
the Ministry of Aircraft. Production material 
the American Society for 


Testing Materials (A.S.T.M.) specifications, the U.S. 


series : 
specifications, D.T.D. series ; 
Federal Government specifications, the Society of 
Automotive Engineers (S.A.E.) specifications, and the 
Aeronautical Material Specifications (A.M.S.). 
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METALLURGIA 


Utilisation in the Steelworks 


By R. J. Barritt, M.A. 


Much valuable work on the economical use of fuel has been done by the British iron and 


steel industry. 


It is appreciated that the full and complete utilisation of the gases and 


waste heat on a plant produces a very real and substantia contribution toward: reduction 

of working costs, and enables control to be applied to every department of the works. 

In this article attention is directed to heat utilisation in a composite plant, especially as 
it applies to the steelworks part. 


HE steelmaking process reduced to its essentials 

comprises the reduction of the iron ore by coke 

in the blast furnace, followed by treatment of the 
resulting iron (plus scrap) in the steel furnaces to give a 
steel of the desired composition. The steel so formed is 
poured into ingot moulds and the ingots in due course 
are shaped mechanically in the rolling mills to the 
desired product or intermediate product. In the pro- 
cesses up to the manufacture of pig iron in the blast 
furnace a surplus amount of heat is available since both 
the coke ovens and blast furnaces produce more gas 
than they themselves use in their own processes. The 
stages following the pig-iron manufacture all require 
heat to be supplied from ext rival sources, in addition to 
which heat has to be supplied for steam raising for essen- 
tial services and for power production. The external 
sources of heat may be coal, producer gas or the surplus 
gases from the coke ovens and blast furnaces. Without 
attempting as yet any balancing of the various heat 
requirements of the different sections of the process, 
it is evident there are good grounds for locating the blast 
furnaces and coke ovens at the same place as the steel- 
making equipment from a heat economy point of view, 
and, provided the advantages in this respect outweigh 
any transport difficulties which may arise, the com- 
posite coke, iron and steel plant would seem to hold 
advantages over any other combination. 

Iron ore, coking coal ard limestone do not normally 
cecur sufficiently close to each other to avoid transport 
of one or the other wherever the works may be situated. 
For a composite works as described above, the works 
may be situated near the ore mines with the coal being 
transported (e.g., Lincolnshire), near the coal mines 
with the ore being transported (South Wales), or at some 
intermediate point between ore and coal mines with both 
being transported. 

Separate Units 

Where the units are separated the coke ovens can be 
situcted at the collieries and the coke transported to the 
blast furnaces, which are situated either near the ore 
mines or near the coast, so that imported ore can easily 
be brought in. This last arrangement was not uncommon 
in ‘his country, but the reorganisation of the iron and 
ste! industry which took place in the eight years or so 
immediately before the war favoured the composite 
iron. and steel works with the coke ovens situated at the 
ste ‘works and not at the collieries. The justification 
for his lies almost entirely in the heat economies whic): 
( e obtained by the grouping of all the units at one 
sity With the modern steelworks it is quite likely that 
the only raw coal used in the works is that from which 


coke is made at the coke ovens and all the heating in 
the works is done by coke-oven or blast-furnace gas. 

This development entailed a central department 
whose job comprised accepting fuel-from two depart- 
ments in the steelworks and allocating the appropriate 
fuel or mixture of fuels to all departments, together 
with responsibility for pipe-lines and distribution, ete. 
This, in turn, demands a fair knowledge of the various 
processes and their heat requirements and accounts for 
the transition of the * B.th.u. chaser ”’ of the old days 
into the rather more resounding ‘‘ Fuel and Economy ” 
department or similar title. The second half of the title 
is no empty name, since an excessive use of fuel in any 
one department is liable to put the whole works out of 
balance. The Fuel Department’s activities concern the 
whole works, and the head of that department, in 
addition to possessing a good general knowledge of all 
the steelworks processes and being technically competent, 
must possess a fairly high degree of tact. 


Composite Works 


In a composite iron and steel works; then, the fuel 
supplies available are coal, coke-oven gas (about 
500 B.th.u.’s per cub. ft.), blast-furnace gas (about 
100 B.th.u.’s per cub. ft.), and generally it is desirable 
that the use of raw coal as a fuel should be reduced to a 
minimum whether used as coal direct or after conversion 
to hot tarry producer gas. 

The units to be supplied with heat in a typical case 
would be the coke ovens, blast furnaces, steel furnaces, 
soaking pits and reheating furnaces, together with the 
boilers for providing process steam and generating 
power. Of these the coke ovens and blast furnaces 
normally both provide and use gas at a fairly constant 
rate. The gases produced, however, are, of necessity 
by-products of the main ironmaking process, and the 
quantities cannot be varied to suit changes in demand 
from other parts of the works without the “ make ”’ of 
iron or coke being affected. The demands of some of 
the users fluctuate considerably, and the first necessity 
for efficient fuel utilisation in the steelworks is adequate 
gas-holder capacity for both coke-oven and blast-furnace 
gas to prevent wastage of gas. 

Some of the fluctuations are too large to be met by 
gas-holders of economic size, and to meet these larger 
fluctuations one or more of the fuel-consuming units 
has to be capable of changing over its means of heating 
from one form to another fairly rapidly or of varying 
the ratio of different fuels used for heating. In normal 
cases this might conveniently be the boilers which are 
amongst the largest fuel consumers and which could be 
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arranged for heating by coke-oven or blast-furnace gas 
or solid fuels. The coke ovens are also capable of being 
heated by coke-oven or blast-furnace gas without an 
excessive amount of trouble in valve-changing, and are 
also used quite extensively as a buffer to control the 
amounts of the two gases available. 

Opinions on adequate holder size vary considerably 
(although nobody on the operating side has ever been 
heard to say that there is sufficient holder capacity). 
Coke-oven gas holders vary from a mere balancing holder 
upwards, but normally a half-hour storage capacity based 
on the total gas made would seem to be the minimum 
desirable and most operating engineers would like double 
this amount. Wide variations are also found in blast- 
furnace gas-holder requirements, but with a large works 
having a number of furnaces the convenient minimum 
holder capacity would seem to be about equal to one 
hour’s gas-make from the largest furnace. As stated 
previously, these gas holders only smooth out the smaller 
fluctuations and larger variations in supply and demand 
must be met by adjusting the ratio of the various fuels 
supplied at one or more of the units. 

Possible fuels for the different units in the steelworks 
are as follows : 


Dlast-furnace gas at stoves 
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It will be noticed that coke-oven gas and blast-furnace 
gas occur in all six items; consequently if these are 
available in sufficient quantity the steelworks will be 
self-supporting from a fuel point of view. As an alter- 
native to part of the boiler capacity, gas-engine 
generators driven by blast-furnace gas could be used for 
power supply to the works. Some very large gas-engine 
units have been installed in the past, and the efficiency 
of the gas-engine set is higher than that of the boiler 
and turbine combination. Gas-engine however, 
have lost popularity in the aewer works in favour of 
normal turbine sets, presumebly on grounds of avail- 
ability and their inability to use alternative fuels. 


sets, 


Allocating Consumption 
Having listed the various possible fuels, the next step 
is to make up a priority list of the different consumers. 
No alternative fuel exists for heating the checker work 
in the blast furnace stoves, and the stoves therefore 
have the first call on the blast furnace gas. If gas-engine 
blowers were used they would have an even higher 


priority, and gas-engine generators without an easily 
available alternative supplier would obviously have a 


high priority. In the newer works the gas engine 
problem does not exist as a rule, and the hot blast 
stoves come first. 

The quantity of blast furnace gas available depends 
upon the coke consumption per ton of iron in the blast 
furnace, and therefore upon the quality of iron ore 
being used. About 150,000 cub. ft. of blast-furnace gas 
is produced per ton of coke used in the furnace. For a 
rich ore the coke used will run about 18 ewt. per ton of 
iron made, and the blast-furnace gas will have a calorific 
value of 95 to 100 B.th.u.’s per cub. ft. The consump- 
tion of blast-furnace gas in the hot-blast stoves will be 
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about With a 
lean ore—e.g., Lincolnshire—the coke consumptioi per 
ton of iron is about 27 ewt., the calorific value of the 
gas produced is somewhat over 100 B.th.u.’s per cub. ft., 
and the consumption of blast-furnace gas in the stoves 
about 18%. It will be noted that for a ‘particular out put 
of iron the works using lean ores in the blast furnaces 
will have about 50°, more coke-oven and blast-furnace 
gas available than those using rich ores. 

The coke ovens produce about 11,000 cub. ft. of gas 
of calorific value about 500 to 540 B.th.u.’s per cub. ft, 
(gross). To carbonise 1 lb. of coal in the coke oven 
requires about 1,050 B.th.u.’s gross, and this can be 
provided by coke-oven gas, in which case some 2 cub. ft, 
will be required per lb. of coal, or by blast-furnace gas, 
in which case 10} cub. ft. will be required. A battery of 
coke ovens carbonising, say, 1,000 tons of coal per day, 
would comprise about 50 ovens each being a horizontal 
chamber about 40 ft. long, 14ft. high, and 16 in. to 
18 in. wide. These chambers hold about a 16-ton charge 
of coal and the carbonising is completed in about 18 
hours. The heating flues form the dividing walls between 
the various oven chambers and below each oven are 
located regenerators divided normally into two or three 


22°,, of the gas made in the furnace. 


parts. 

When using coke-oven gas for heating the ovens, the 
air for combustion is preheated in the upstream re- 
generators before meeting the coke-oven gas at the base 
of the heating flue. Combustion takes place upwards in 
the heating flue, which corresponds approximately to 
the full height of the coal charge and the products of 
combustion pass down a neighbouring flue and into the 
downstream regenerator and into the chimney flue. 
Approximately every half hour the direction of heating 
is reversed and the upstream and downstream regener- 
ators are changed over automatically. 

When blast-furnace gas is used for heating the ovens, 
both the gas and combustion air are preheated—.c., it 
the upstream regenerator is divided into two parts, one 
part will preheat the blast-furnace gas and one the 
combustion air, while the corresponding two parts of 
the downstream regenerator will both abstract heat 
from the products of combustion. Possible leakage of 
blast-furnace gas from the upstream regenerator into a 
downstream regenerator is obviously to be avoided, 
and the coke-oven designers usually try to arrange the 
regenerators so that the upstream air regenerators are 
interposed between the blast-furnace gas regenerator 
and the downstream waste gas regenerator. 

Since each oven has its own regenerator, any number 
of ovens in the battery can be heated with coke-oven 
gas or blast-furnace gas as desired. The change over 
trom coke-oven to blast-furnace gas heating involves an 
alteration to the waste gas reversing valves, so that 
blast-furnace gas is introduced to the appropriate part 
of the regenerator instead of air, the shutting off of the 
coke-oven gas and the linking up of the blast-furnace 
gas valve to the reversing mechanism. If the ovens are 
changed individually a battery of 50 ovens would take 
25 mins. to change over completely from one form 


~t 


about 
ot heating to the other. 

The coke ovens therefore are quite commonly used to 
balance the coke-oven and blast-furnace gas require 
ments—i.e., if too much blast-furnace gas is available 
and too little coke-oven gas, more ovens would be fired 
with blast-furnace gas to release the corresponding 
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quantity of coke-oven gas. As a point of minor interest, 
the volume of combustion products when firing with 
plast-turnace gas is higher than is the case with coke- 
oven gas, and the stack loss is somewhat greater, giving 
slightly less efficiency than with coke-oven gas heating, 
particularly it the nett calorific value is used for com- 
parison. If the gross calorific value is used there is very 
little difference in the two methods of heating. 

Coke ovens can also be heated with producer gas 
from coke producers as indeed is the case at gasworks, 
but there is little point in using up coke made for the 
blast furnaces in preducers. The blast furnaces normally 
use all the coke over about 1 in.-I} in. cube in size, the 
remainder beirg screened out and sold for domestic 
purposes. Yields with different coals vary, but a typical 
figure is blast-furnace coke 65% on dry coal charged to 
the ovens and smaller sizes 7°. To heat the ovens with 
producer gas requires a quantity of coke to the pro- 
ducer about 15% by weight on the coal charged to 
the oven —i.e., about half the battery could be heated 
by producer gas from the small sizes of coke if desired. 
To make this a reasonable proposition, however, the 
price of domestic coke would have to fall so that the 
producer gas could be made for less than 1}d. per therm, 
which is the cost of an equivalent fuel elsewhere in the 
works (hot gas from coal producers at open-hearth 
furnaces). The price of small coke has never reached 
this low level as yet, and coke producers for pro- 
viding fuel gas for coke ovens are not used in iron and 
steelworks. 

The open-hearth furnaces at the steel plant are the 
largest users of fuel in the works, apart from the boilers, 
and usually the largest users of coke-oven gas. A 
luminous flame is an advantage at the open-hearth 
furnace, and this can be obtained with coke-oven gas 
alone with preheated air from the regenerators. Tar 
burners are frequently used in addition to the main gas 
burners, to give a still more luminous flame. Where 
mixed gas is used the gas is also preheated in the 
regenerators, causing partial decomposition of the hydro- 
carbons and giving rise to a luminous flame. Addition 
of coke-oven gas to give a calorific value of about 
230 B.th.u.’s per cub. ft. ior the mixture is about 
normal practice. If mixed gas is used the calorific value 
of the mixture should be automatically controlled. In 
contrast to the blast furnaces and coke ovens, which 
work continuously, the open-hearth furnaces, in common 
with the rest of the steel plant, work about a 5}-day week. 
Heat consumption figures vary somewhat with circum- 
stances, but in the absence of other data a figure ot 
5-5 to 6 million B.th.u.’s per ton of ingots will serve as an 
approximation. 

For the soaking pits, blast-furnace gas is normally 
favoured or a low calorific value mixed gas, and both 
gas and air, are preheated in regenerators. Heat con- 
sumptions vary in different cases, but about 1-5 million 
Bthu.’s per ton can be assumed for approximate 
purposes, 

For the reheating furnaces and heat-treatment any 
of the gases available can be used, probably a mixed 
gas for the reheating and coke-oven gas for heat- 
treatment. As for the open-hearth furnace, if mixed gas 
is used the calorific value should be automatically con- 
troll. d. The heat consumption is about the same as for 
the soaking pits—i.e., 1-5 million B.th.u.’s per ton 
throughput, but the throughput will of course be less, 


since only a portion of the total steel made is reheated 
for re-rolling or heat-treated as the case may be. 

Before being able to arrive at the total heat require- 
ments for the whole works, it is necessary to know the 
process steam quantity and power used to be able to 
assess the fuel requirements at the boilers. The blast 
furnaces are the chief process steam users, and require- 
ments vary a good deal in different localities, but about 
2,000 lb. per ton of coke charged will serve as a very 
approximate figure. The coke ovens as the next largest 
user account for about 400 lb. of steam per ton of coal 
carbonised, or about 620 1b. per ton of blast-furnace 
coke, giving a total of, say, 2,700 lb. of steam per ton 
of blast-furnace coke. A further 15% goes to miscel- 
laneous smaller users, and the total is about 3,100 lb. 
per ton of blast-furnace coke used. 

The power used on the blast furnaces varies with the 
total material throughput—i.e., chiefly with the nature 
of the ore, but keeping on a coke basis for convenience, 
about 45 k.w.h. per ton of coke charged can be used, 
together with a further 15 k.w.h. at the coke ovens. 
Taking a round figure of 100 k.w.h. per ton of ingots 
for the steel furnaces and rolling mills, sufficient data 
is available to arrive at a total power figure for the 
works, which can be reduced to steam and fuel require- 
ments by using appropriate efficiency tactors. 

The choice ot boiler pressure depends upon whether 
the process steam is passed out at about 200 1b. per 
sq. in. or less, let down to this figure, or generated at the 
appropriate lower pressure, since the quantity of process 
steam usually exceeds the steam requirements of the 
generators. The modernised steel plants have mostly 
favoured higher pressure units capable of being fired 
with either coke-oven gas, blast-furnace gas or pulverised 
fuel. Since the boilers are the largest fuel user in the 
works and can operate on any of the available fuels, they 
form a very convenient balancing point for the whole 
works—i.e., adjusting the ratio of gases available else- 
where, and in case of gas shortage burning pulverised 
fuel in addition to the gas to comply with steam require - 
ments. Sharp changes in fuel requirements elsewhere 
in the works cannot be taken up instantaneously at the 
boilers, and one of the main functions of the gasholders 
is to look after these changes until the necessary adjust- 
ments are made. 


Fuel Requirements 

We are now in a position to examine the fuel require- 
ments of the blast furnaces and coke ovens as one 
section of the works and the steel plant as the other. 
Then by fixing the ratio of iron used to the total steel 
ingot made the composite works can be considered. In 
the figures below the power has been taken as being 
generated in a condensing turbine set, and it should be 
remembered that a more efficient arrangement than this 
is possible, using higher pressure steam for power 
generation and to drive turbine blowers, etc., with the 
appropriate amount of process steam being bled off 
at the desired pressure. Much more detail of steam-using 
equipment would be needed to work this out than is 
available for a general case, such as is being considered 
here. 

(1) Blast furnaces and coke ovens per thousand tons 
of iron per week. (Blast-furnace coke on coal charged 
to ovens 65% ; 11,000 cub. ft. coke-oven gas per ton of 
coal ; 150,000 cub. ft. blast-furnace gas per ton of coke.) 
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To obtain the picture of a composite coke, iron and 


steel works we need to know the amount of iron used 
per ton of steel ingots made, and whether any pig iron 
is sold as such. ‘Taking purely hypothetical cases for 
the two types of ore, we can consider works in which the 
proportion of iron used for steel manufacture is 70°, 
of the steel ingot production. The basis is again per 
thousand tons of ingots per week. 


Rich Ore 


Ddertie ie vy ther beevuat 


It will be seen that on this basis neither works is self- 
supporting without external fuel coming in, and if no 
pig-iron sales take place the boilers would probably be 
partly coal-fired during 5} days of the week and gas-fired 
at week-ends 

If pig iron is sold in addition to steel more therms are 
available from the coke ovens and blast furnaces. For 
the works using rich ore, if 850 tons of pig iron are sold 
per 1,000 tons of ingots made the fuel production and 
requirements of the two halves of the composite works 
balance, and no outside fuel is needed. For the works 
using lean ore the balance point occurs when 170 tons 
of pig iron is sold per 1,000 tons of ingots made. In 
both cases if the coke ovens are separated from the 
steel works the balance would be very considerably 
disturbed, and the justification for locating coke ovens 
at the steelworks is clear. 

The above ceses are purely hypothetical, and obviously 
considerable variations can occur in local practice. The 
methods used, however, should be applicable to in- 
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dividual cases, and in practically every case it will be 
seen that the composite works is more favourably placed 
than any separate combination of its units. For this 
reason the composite works was favoured wher the iron 
and steel industry was substantially reorganised in ‘he 
years before this war, and this process will no doubt 
continue in the future. 


New British Chemical Standards 


BUREAU OF ANALYSED SAMPLES, Lrp., of Markington, 

Harrogate, announces that the following new analytically 

standardised steel is ready for issue :— 
B.C.8. MANGAN ESE-MOLYBDENUM STEEL No, 214, 


As usual, this steel has been analysed by a number of 
chemists representing independent analysts and several 
works’ chemists representing manufacturers of this 
type of steel. 
This composition comes within the chemical +pecifica- 
tion for steel B.S. En. 16—V 9a and will be found useful 
to chemists wishing to check the composition of «teels 
made to this specification. 
In addition to the above, a replacement of nickel steel 
“'T2” has recently been made—viz., 3° nickel steel 
No. 222 (Ni 3-39%). 
The following new standards are in course of pre- 
paration: 
Aluminium alloy No. 216, containing approximately 
Cu 4%, Mn 0:5%, Zn 0-2%, Mg 0-5%, Ni 0-2%, 
Ti 0-1%. 

Cr—-Ni-Mo steel No. 219, containing approx mately 
Cr 0-7%, Ni 3%, Mo 0-6%. 

High-speed Tungsten Molybdenum steel No. 220, 
containing approximately tungsten 6%, Cr 4%, 
V 1-3%, Mo 4-5%. 

Further announcements will be made about these in 
due course. 

Supplies may be obtained through the usual chemical 
laboratory furnishers or direct from the Bureau. 


ERRATA 
Page 177 of August issue. 

Second line of title, instead of ** Bronze ’’ read “ Iron.” 
Page 171. 

Left-hand column. Fourth line of second paragraph 
should read :—* coils. Cut lengths are usually stacked 
so that the plane of ”’. 

For “ 1” in first line of the fifth paragraph read */ 

Right-hand column.—In the second equation for 
‘9-08 read “0-08.” 

Delete ** for Fe,O,”’ in the fifth line of the first com- 
plete paragraph, and in the seventh line read “* K,”’ for 


Page 178. 
Left-hand column.—In the third equation read * «” 
for “EB” and “ I,” and “ J'”” for “I, ” and “ Ij.” 
Right-hand column.—In third line of second complete 
paragraph read “* 7R3H”’ for * wRHi.” 
Page 179. 
Left-hand column.—In first line of third complete 
paragraph read “ thermocouple ” for “ thermal couple.’ 
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The Constitution of Alloys of Aluminium 
with Manganese, Silicon and Iron 


I{I.—The Ternary System: Aluminium-Silicon-Iron 


IV.—The Quaternary System: Aluminium-Manganese- 
Silicon-Iron 


By H. W. L. Phillips, M.A., and Major P. C. Varley, M.A. 


This work forms part of a comprehensive programme of research on the constitution of 
aluminium alloys carried out in the Laboratories of the British Aluminium Co., Ltd. 
Earlier work on the constitution of alloys of aluminium with silicon and iron has been 
revised. The constitution of the quaternary alloys of aluminium, manganese, silicon and 
iron has been studied over the range manganese 0-4, silicon 0-4, iron0-4%. The present 
work is fully described in a paper* by the author ; there it is outlined and some of the 
results are given. 
















FeAl, is primary in the concentration region BCHG ; it 
reacts peritectically with the liquid along CH to give 
the ternary phase termed a(Fe-Si), formerly termed f. 
FeAl, crystallises ‘in the form of long prisms or needles, 
whether it is primary or secondary, and retains: in the 
ternary alloys the same characteristic colour and etching 
properties that it possesses in the binary alloys of 
aluminium and iron. In the concentration region 


THE TERNARY SYSTEM: ALUMINIUM- 
SILICON-IRON 
Ti constitution of the alloys of aluminium with 


Ill. 





silicon and iron has previously been in the 

Laboratories of the British Aluminium Co., Ltd., 
and formed the subject of a paper! in 1927. Since that 
date some solubility measurements made in collaboration 
with Mr. N. S. Brommelle, B.A., have shown that the 
temperature previously reported 
for the primary crystallisation of 
FeAl, were on the low side, owing 
to undercooling. The revised 
liquidus diagram for the 
range silicon 0-12, iron 
(-6°,, is shown in Fig. 1. 
There are five primary oy 
phase fields, due to alu- 
minium, FeAl,, a(Fe—Si), 
B(Fe-Si), and sili- 
The primary 
aluminium field 
ABCDEF is 
bounded by eutectic 
valleys associated ( 
with the separation 
of binary complexes Fig. 1. 
of aluminium with 
FeAl, (BC), -a(Fe-Si) (CD), B(Fe-Si) (DE), and silicon 
(F) The last two meet at the ternary eutectic 
point E. The compositions and temperatures previously 
reported for the invariant points C, D, and E have been 
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The liquidus. 





CDJSH the constituent a(Fe-Si) is primary. It is paler 
in colour than FeAl, ; when secondary, it crystallises in 
the habit frequently termed “ Chinese seript.”’ It reacts 
peritectically along DJ to give B(Fe-Si). The latter 














confirmed and are as follows :— constituent is primary in the concentration region 
—T DEKJ. It crystallises in the form of needles or plates 

and is paler in colour than the a body. Neither of these 

Composition. peritectic reactions proceeds to completion during slow 

Phases in Equilibrium with femperstare solidification, with the result that envelopment is of 

Liquid, Iron, Silicon, frequent occurrence. Crystals of FeAl, are often found 

; wholly or partially surrounded by a sheath of a(Fe-Si), 

aL ache ekay ai Si) ir i ry and the latter by B(Fe-Si). On annealing, both FeAl, 

MI, B.Pe Si), Si¢ Ternary Euteet U-8 1h 577 and a(Fe-Si) tend to become converted to B(Fe—-Si). The 













Jour, Inst. Metals, August, 1913, 317-359. 1 A. G. C. Gwyer and H, W. L. Phillips. J. Just, Metals, 1927, 38, 29. 
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= } a fe a2 N Q H s 
a body is-capable of dis- St a ae eo Bll Mi 7] 77 1 7T The 7 
solving manganese, and / / 4 td F / J SECONDARY a(Fe-si) © 
SECONDARY @ (Fe-Si) / TERNARY 8 (Fe-Si) 
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forms a continuous series 5 
of solid solutions with 
the phase a(Mn-Si) of 
the aluminium- 
manganese - silicon 
system. The B body 
appears to have 
little or no solu- 
bility for manga- 
nese, but, as has 
been shown pre- 
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viously,? it is 








capable of dis- : ; : 
solving copper 
and forms an 
unbroken series 
of solid solutions with the ternary phase “N” of 
the aluminium-copper-iron system. Silicon is primary 
in the concentration region FEKL. The two lines FE 
and EK are both eutectic lines. Silicon is darker in 
colour than any of the iron-bearing constituents and 
rarely presents difficulty in identification. 

The surfaces of secondary separation are shown in 
Fig. 2. In the field in which aluminium and FeAl, are 
primary, the secondary isothermals are rectilinear and 
appear to radiate respectively from the aluminium 
corner and from the point representing the composition 
of FeAl,. Although it is possible that FeAl, is capable 
of dissolving silicon, it would seem that the amount dis- 
solved is not large. In the primary a and £(Fe-Si) fields 
the secondary isothermals appear to be rectilinear, but 
they do not radiate from fixed points. It was on these 
grounds that the conclusion was reached! that both 
bodies are phases of variable composition. 

In the concentration region ABC, where aluminium 
is primary and FeAl, secondary, the peritectic reaction 
between FeAl, and liquid takes place when the tempera- 
ture has fallen to 629° C. and the liquid composition has 
reached that indicated by the point C. It is only the 
FeAl, in contact with the liquid that reacts ; diffusion 
is too slow to permit of any appreciable attack of FeAl, 
already surrounded by solid aluminium. With further 
cooling, the binary separation is that of the aluminium-a 
(Fe-Si) complex, and the liquid composition follows the 
line CD until the point D is reached. Here the second 
peritectic reaction takes place, at 611° C., and, like the 
former one, it only involves the small amount of reactant 

in this case a(Fe—Si)—actually in contact with the 
liquid. With further cooling, the liquid composition 
follows the line DF until E, the ternary eutectic point, 
is reached, when silicon separates. 

Alloys having FeAl, as their primary constituent fall 
into three groups. In the concentration region BCNG 
aluminium is secondary and a(Fe—Si) ternary ; the latter 
separates when the point representing the composition 
of the liquid, moving along BC, has reached C. From 
this point onwards the course of solidification is the same 
as for alloys in the region ABC. In the region CPQN, 
a(Fe—Si) is secondary ; the primary FeAl, is attacked, 
but soon becomes enveloped by a. The point repre- 
senting the conposition of the liquid moves, not along 
the line PC, but across the field PCD, and reaches the 
boundary of the aluminium field CD. From this point 





A. Gi. C, Gwyer, H, W. L, Phillips, and L. Mon I, Inst, Metals, 1928, 





Fig. 2.—Aluminium-silicon-iron alloys. 
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onwards the liquid composition follows the line CDE: 
B is deposited at D and silicon at E. In the region 
QPH, a(Fe-Si) is also secondary, but when envelopment 
of the FeAl, is complete the point representing the 
composition of the liquid moves across the a field and 
reaches the line DJ. Here the second peritectic reaction 
takes place ; a becomes enveloped by £, and the liquid 
composition moves across the field DEKJ until the line 
DE is reached, when aluminium commences to separate. 

Alloys of which the primary constituent is a(Fe—Si) 
also fall into three groups. To the left of the line PD, 
aluminium is secondary. In the region DMRSHP, 
B(Fe-Si) is secondary and alumin‘um is ternary. To the 
right of the line MR, the point representing the liquid 
composition, crossing the field DEKJ, reaches the 
boundary of the silicon field EK, and hence silicon is 
ternary. Alloys having §(Fe-Si) as their primary con- 
stituent fall into two groups. To the left of the line ME, 
aluminium is secondary, separating along DE; to the 
right of this line, silicon is secondary, separating along 
EK. There is little structural difference between the 
alloys lying to the left of the line EMR and those lying 
to the right. 

The constitution of the alloys of aluminium with 
silicon and iron has also been studied by Dix and Heath.* 
Like Gwyer and Phillips, they identified two ternary 
phases, a(Fe—Si) and A(Fe-Si), the former crystallising 
as “ Chinese script and the latter as plates or needles. 
Fink and Van Horn‘ also described the results of their 
X-ray examination of the phases of this system. They 
found that §(Fe-Si) gave a characteristic diffraction 
pattern, and that its axial ratio varied somewhat 
according to the composition of the alloy from which the 
specimen had been extracted. The pattern of a(Fe—Si) 
however, was almost identical with that of FeAl,. The 
lattice parameter of a was found to be slightly smaller 
than that of FeAl,, and there were some differences in 
line intensities. From the work of Bradiey and his 
colleagues it is clear that similarity of diffraction pattern 
does not necessarily preclude the existence of separate 
phases. In their work on the ternary alloys of aluminium 
with iron and nickel, for example, Bradley and Taylor’ 
found that FeAl, (A) decomposes on cooling into a 
mixture of Fe,Al,(A,), and Fe,Al;(u#). The maim 


: EW. Dix. Jr. and AJC. Heath, Pree, Inst, Metals Dir. Amer, Inst, M 
Ver. Eng... 1928, 164 
iW. L. Pink and K. R. Van Hern Pree, Inst. Metals Dir tmer, i 


Vin, Met. Eng., 1931, 383, 
5 A. J, Bradley and A. Taylor, J. Inst, Metals, 1940, 66, 53, 
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features of the patterns of A and A, are identical, and 
the differences between them are second-order effects. 

(he composition of the ternary phases in this system 
has been the subject of much research during the last 
10 years, but cannot yet be regarded as satisfactorily 
established. Two investigators have reported that only 
one ternary phase exists, but the majority have found 
at least two to be present. Some authors have assigned 
chemical formule to these phases, whilst others have 
stated that they are of variable composition. Table I 
sum: !2rises the views that have been expressed. In the 
opinion of the authors of the present paper, the evidence 
in favour of two ternary phases is too strong to be 
disregarded. 





rABLE II, 
Author, Ref. Number and Nature of Ternary Phases 
Present, 
6 One: AlgFeg Si, 
mura : 7 One : Aly FegSig 
id Sashin S Two: both variable 
eev and Rimmer ” Two: AlgFeSiz and Al, Fesi, where x i 
to 5 
Janie hic ° lw Four: AlgFeSiy and three others, 
rukeda and Mutuzaki ... ll Six: those nearest Al corner are Alg Fes 


and Als Fesis 


IV.—_THE QUATERNARY SYSTEM : 
ALUMINIUM-MANGANESE-SILICON-IRON 


It was decided to study in detail the constitution of 
alloys lying within the range manganese 0-4, silicon 
(4, iron 0-4%. The difficulty of distinguishing between 
FeAl, and the manganese-rich phases was very con- 
siderable, and precluded an extension of the investigation 
towards higher percentages of iron and manganese. A 
few alloys were also investigated, the compositions of 


METALLURGIA 


217 


points—can be represented by a_ two-dimensional 
diagram, which is the projection of the liquidus surface 
on the base of the three-dimensional model, so in a 
quaternary system the liquidus can be represented by a 
three-dimensional model, usually a tetrahedron, of which 
the faces are the basal projections of the liquidus surfaces ° 
of the four constituent ternary systems. In such a 
model, the separation of the primary constituent is 
represented by a volume; of two constituents simul- 
taneously by a surface ; of three, by aline ; of four, by a 
point. Isothermals can, if desired, be inserted. 

The liquidus model for the aluminium corner of the 
quaternary system is shown, in clinographic projection, 
in Fig. 3. The eye of the observer is supposed to be at 
an infinite distance, so that parallel lines remain parallel 
in the drawing, and is also supposed to be above and 
slightly to the right of the centre of the model, so that 
the upper and right-hand surfaces are visible. Isother- 
mals would add to the complexity of the diagram and 
have not been inserted. The base of the model is the 
basal projection of the liquidus of the aluminium-silicon- 
iron system, the front is that of the aluminium- 
manganese-silicon system, and the left-hand end is that 
of the aluminium-manganese-iron system. 


If the amount of one of the components of a quaternary 
system is maintained constant, the resultant series of 
alloys may be treated as ternary system, and its con- 
stitution represented by a three-dimensional model. Its 
liquidus may then be represented in the usual way by a 
two-dimensional diagram which, for convenience, may 
be designated a ‘ pseudo-ternary ’’ liquidus diagram. 


Three such diagrams form the top-back, and right-hand 
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Fig. 3. Aluminium corner of the quaternary system : The liquidus. Fig. 4.—The liquidus : Silicon-rich alloys. 


which lay near to the ternary eutectics aluminium- 
silicon-a(Mn-Si) and aluminium-silicon-§(Fe-Si). 

No new quaternary constituent was met with, and all 
the phases could be traced back to the binary or ternary 
systems. There is no quaternary eutectic in these alloys : 
solidification is completed at one or other of the two 
ternary eutectics. The constituents present are given 
as follows: Aluminium, MnAl,, MnAl,, FeAl, silicon, 
a(Mn-Si) and a(Fe-Si), 8(Fe-Si), and 8(Mn-Si). 

The Liquidus (Aluminium Corner) 
st as in a ternary system the primary phase fields 
and their intersections—the binary valleys and invariant 


Fuss, Z. Metallkunde, 1931, 23, 231. 
Nishimura, Mem. Coll, Eng. Kyoto Imp, Unir., 1935, 7, 285, 
. Urasev and A, V. Sashin. Metallurg, 1937, (4), 27. 
N. Sergeev and Bb. I. Rimmer Metallurg, 1937, (4/10), 112. 
. Janiche, iluminium-Archir, 1936, (5). 


end of the model of Fig. 3 and are, respectively, those of 
alloy series containing 4% manganese, 4% iron, and 
4%, silicon. 

In the range of compositions covered by Fig. 3 there 
are six primary phase fields or regions, five of them 
extending to the front face of the model, and the sixth 
lying towards the back. The primary constituents have 
been indicated in the diagram : the names are supposed 
to have been written on the front, top, and left-hand 
faces of the model. Some of the surfaces separating 
these primary regions are eutectic surfaces, others are 
associated with peritectic reactions. A list of them is 
given in Table IIT. 

The intersections of these binary surfaces are lines 
which represent the simultaneous presence of three 
solid phases and liquid, and are therefore univariant, 
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Four of these univariant lines meet at each of the 
invariant points 6. ¢, and yw. 

TABLE Ill. 
BINARY SEPARATIONS 
Phase Roundary Letters, Nature of Binary Surface 
Fig 
Aluminiun MnAlg KLWs Eutectic complex Al MnAlg 
a LAS - - Al a 

- FeAlg SywJl * e Al FeAly 
MnAlg--FeAlg Léoys Ke MnAlg + FeAls 

p: a OdWL Peritect ic Liq MnAlg >a 
MnAlg-—MnAl MN@GI 99 Liq. MnAl, >» MnAl, 

- FeAl, UV@l Eutectic complex : MnAl, FeAl, 

= Mus pN@\ 7 MnAl, Bo Mn-si) 
Bi Mu-si>—MnAl, NOO®O Peritectic ; Liq B.Mn-si) >» MnAly 

a a OQYWe a Liq BoMu-si) a 

- FeAls VOW Eutectic: B(Mn-si) + FeAls 
FeAly—@ WOWIZX | Peritectic: Liq. + FeAls——>a 


To construct the liquidus model, pseudo-ternary 
liquidus diagrams were drawn parallel to the three faces, 
at intervals of 0-5°%. Phase boundaries and isothermals 
were plotted from examination of microsections and 
from the primary arrest temperatures, and were adjusted 
so as to give smooth curves consistent in the three sets 
of diagrams. One set of these diagrams, representing 
alloys with constant manganese content, 
is reproduced in the original paper. 

It is shown that all the alloys in the 
range of compositions covered by Fig. 3 
solidify in such a way that the points 
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was identical with that of the aluminium-a-silicon 
invariant point P, 575° C. 

Particulars of the binary, ternary, and quaternary 
invariant points in the range covered by Fig. 4 are given 
in Table V. 


TABLE V. 
BINARY, TERNARY, AND QUATERNARY INVARIANT POINTS 
SILICON-RICH ALLOYS. 

In- Composition, °,. ! 
Variant Nature. Solid Phases uM : __ | Teny 
Point Present, c, 

Mn Si. Fe, 

J Peritect ic , Al, a, B(Fe-Si) . 7-5 1-5 611 

h rernary eutectic Al, Bi Fe-Si), Si 11-6 O-8 57 

L Binary eutect ic Al, Si ; o* 11-77 ) 

P rernary eutectic .| Al,@,Si..... 75 11-75 - ) 

X Peritect i Al,a, Bi Fei), Si | 0-2 11-7 0-6 7 


Secondary Separations 
A model representing the secondary fields at the 
aluminium corner of the quaternary system is repro- 
duced in Fig. 5. In this diagram the formule identifying 
the binary surfaces have been inserted, and are supposed 











representing the composition of the liquid 
eventually reach the aluminium—a sur- 
face—or lie below it: their loci leave the 
model, move to the right, through the line 
RJ, or through the triangle BRJ. To 
follow the concluding stages of solidifica- 
tion, it is therefore necessary to know 
something about that part of the primary 
aluminium phase field and its boundaries 
which lie to the right of Fig. 3. A few 
experiments sufficed to show that between 








$ and 7-5°, silicon the only surface bound- e 
ing the primary aluminium field was that 


due to the aluminium—a separation ; this 

surface gradually approached the alumi- ° Poi 
nium-silicon axis of the model as the 

silicon content increased. With more than 7-5°%, 
silicon, new surfaces, due to aluminium—f(Fe-Si) and 
tluminium-silicon made their appearance, and a more 


detailed study was necessary. 
The Liquidus-Silicon-Rich-Alloys 

A liquidus model, covering the limited range studied, 
is shown in clinographic projection and reproduced in 
Fig. 4. The aluminium-a boundary surface, which leaves 
Fig. 3 through the line RJ, enters Fig. 4 through the 
line NI, and continues as far as the lines JX, XP. 
Aluminium is primary below this surface, and its phase 
field is bounded at the back by the aluminium-8(Fe-Si) 
surface JKX, and on the right-hand side by the 
aluminium-silicon surface PLKX. Letters indicating 
the various primary fields have been inserted in the 
diagram and are supposed to have been written on the 
front and exposed end of the model. No attempt was 
made to explore the primary 8(Fe—Si) field or the adjacent 
one due to primary silicon ; only the boundaries with the 
aluminium field were studied in detail. The position 
of the invariant point X was found by constructing a 
pseudo-ternary diagram for alloys containing 11-7°, 
silicon ; its temperature, as far as could be ascertained, 
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Secondary separation: General view. 
i with primary boundaries, 
oulary boundaries, 


vynts associate 
iated only with se« 


to have been written on the parts of the surfaces visible 
to the eye. 

Alloys of which the primary constituent is aluminium 
can be divided into five groups, according to the identity 
of the secondary constituent. In this region, the loci 
of points representing the change in liquid composition 
during the primary separation are lines which are almost 
straight and which radiate from the aluminium corner. 
The range of compositions within which MnAl, is 
secondary is therefore indicated in Fig. 5 by a four-sided 
pyramid of which the base is the surface KLYS and the 
apex the aluminium corner. Similarly, the range within 
which FeAl, is secondary is represented by a pyramid 
of which the base is the surface SIJ%. Only a part of the 
aluminium-a secondary region lies within the confines 
of Fig. 5; it occupies the greater part of the volume 
below the surface LRJy, and its intersection with the 
right-hand face of the model is the area RJbtg. The 
high-silicon end of the aluminium-a region is shown in 
another diagram (not reproduced). 

Other regions are briefly described, in which the 
primary constituent is MnAl, or MnAl,, 8(Mn-Si), or 
FeAl,. Ternary and later separations are discussed. 

(Continued on page 224) 
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Present Position of Field ‘Tests on 
Atmospheric Corrosion 


The Work of the Corrosion Committee of the Iron and 
Steel Institute 


By J. C. Hudson, D.Sc. 


Information is given concerning atmospheric corrosion tests made on ordinary ferrous 
materials of construction, including wrought irons, ingot irons, and steels both of ordinary 


and of low-alloy type. 


marine, rural, industrial, tropical and arctic conditions. 


The main tests were made at fourteen stations, representing 


Some of the results are 


abstracted and given in this article, together with the author's conclusions. 


HIS report! brings: up to date the results of the 

main corrosion tests on specimens of various 

irons and steels exposed to the atmosphere in the 
bare condition that the author is conducting on behalf 
of the Corrosion Committee. Earlier reports on this 
long-range investigation are published in the Committee's 
Reports.” 

The programme has involved tests at fourteen 
exposure stations, seven at home and seven overseas 
(Table I), and the materials tested include mild steel, 
various types of wrought iron, ingot iron, Aston-Byers’ 
iron, and various low-alloy steels (Table II). All the 
materials are commercial products; in the great 
majority of cases their production was witnessed, and 
full details of the procedure followed, analyses, mech- 
anical properties, ete., are recorded. The standard 
size of specimen is 15 x 10 x @ in. (in a few cases the 
thickness varied from 2 in.), either rolled as flats or 
cut from plates. The surface condition before exposure 
was varied, as indicated in Table III. All specimens 
were weighed before test, and were hung vertically on 
steel stands, freely exposed to the air. Duplicates of 
each material were placed in different rows, to minimise 
any effect due to the different height from the ground. 

The standard exposure period is five years, but in 
some case, notably at Sheffield and Llanwrtyd Wells, 
one- and two-year tests have been made on similar 
sets of materials, and two additional sets will be exposed 
for longer periods (ten years and more), to determine 
how the rate of corrosion varies with time. A few tests 
over shorter periods have been made for other purposes. 


r No, 10/1915 of the Corrosion Committee, Lron and Steel Institute 
opy, 51 pp.) 
Report of the Corrosion Committee, Iron and Steel Institute, 1951, 


il Report Ne. 1, p. 3. Second Report, 1934, Special Report No, 5, p. 17. 
Report, 1935, Special Report No. 8, p. 5, Fourth Report, 1936, Special 
Vo. 13, p. 21.) Fifth Report, 1938, Special Report No, 21, p. 13 


rABLE L—-PARTICULARS OF THE CORROSION STATIONS, 


Home, 


All specimens are inspected at intervals, the chief 
observations being the extent to which the mill scale 
has been shed from as-rolled specimens and the colour 
and type of the rust on the various materials. 

After exposure, the specimens are examined and 
weighed, both as received in the laboratory and after 
removal of the rust, which is effected in two stages. 
From the final weighing the loss in weight is determined, 
minor corrections being applied for slight differences in 
surface area. Since, with few exceptions, no marked 
pitting has been observed in these tests, the losses in 
weight may be taken as a true index of the relative 
resistance to corrosion of the various materials. 

A total of 1,054 specimens has been exposed during 
the course of this research. Tests have now been 
completed on 856, and the results given are means of 
two specimens. In the great majority of cases the 
duplicates agreed within 5%. Where applicable, the 
rate of corrosion is expressed in thousandths of an inch 
(mils.) of metal per year—i.e., the thickness of the layer 
of metal destroyed by rusting in the course of a year. 
Comparisons of dissimilar materials are made by reference 
to the standard reference material, ordinary low-copper 
mild steel X, which was included in all test series ; the 
relative corrosion of this material is taken as 100. 

The data thus accumulated permit of authoritative 
answers to the following questions :— 

1. What is the effect of different types of atmosphere 

on the rate of rusting of ordinary mild steel / 

2. What is the rate, and how does it vary with the 

duration of exposure ¢ 

3. To what extent does the resistance of mild steel to 

atmospheric corrosion differ from that of 
wrought iron or ingot iron ? 


Overseas, 





Mean Relative Position. Relative 

Station. rype of Annual | Rainfall,, Humid- ; Station. Type of Temp. | Rainfall,); Humid- 
Atmosphere. remp. In. ity, Atmosphere. F. n. ity, 
F. % Lat Long. %. 
Marine D1 26 s4 Abisko, Sweden ..... sub-polar GR N, 19 BR, 30 ] 74 
* ‘Tanne Railway tunnel Apapa, Nigeria ee Marine-tropical 7N. 1K. st) 72 i? 
Wells Rural ; 17 sos) 7” Aro, Nigeria Inland -tropical 7 N, SK.) 77 i 84 
Imdustrial is 32 xv Rasrah ° ..| Dry sub-tropical 31 N. is Kh. 75 7 4 
Marine-industrial is 25 st Congella, South Africa Marine Sus, 31K, 71 43 76 
Industrial is 30 s4 Khartoum .-| Dry tropical 16.N, 33 KB. bs) 6 1 
Industrial ™ 23 sl Singapore Marine-tropical 2 N, w4ak sl 95 RO 
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rABLE IL--PARTICULARS OF THE MATERIALS TESTED. 
Analysis. Mechanical Properties. 
Designation Yield-point Max. Stress, Elongat 
Cc, ‘ Cr, Cu > Mn, %% Pp, % Bi, % Tons per Tons per on” ih 
Sq. In. Sq In. %. 
Steels.4 ; . ; ¥ a 
k 0-25 0-98 0-08 0-60 O-O4 0-12 25 Y 
L, ons 0-59 o°48 0-58 0-08 oO-138 24 37 
M 0-27 0-60 O-5+0 0-89 O-O4 O-1d 27 ‘1 
N u-2vs oO-gos 0-48 Os O-os “0-13 31 16 
0 0-23 O-O3 o-52 1-56 4 0-33 zy 43 23 
ps 0-17 O-05 o-55 O-o4 O-O06 wane " 
q* eda o-lo + De ood o-o9 . 
ws o-oo Nil wot eo ool oO-og lz 23 $1-8 
x oreo Nil oo o-oo ood oon Is 30 Sl 
X\2 eva eos oor 9-57 eos oo 18 a) 33-8 
XK o-21 O-n7z oo ued ood o-le 0 il 30-8 
\ o-21 Nil ev o-so ead o-o3 19 31 4 
7 21 Nil 0-48 o-61 oot 0-03 18 2 29-1 
ZK ” o-os odo o-o0 0-03 O-l 21 33 32 
Wrowaht Tres 
Hf Aston-Byer our Prace rrace wear ele ols 13 is 
rR swedish O-os Nil race Nil Wes o-o 13 20 
~ Swedish oon Nil o-oo Nil O-eog o-oo 5 22 
1 Staffordshire eos rrace ed aoe ovd oda 15 22 
4 stall ishire® Te ool O-o7 O-ol -32 “-13 16 21 
\ whore ett ind o-os Nil o-12 o-o3 0-17 o-le 15 21 
1 Mean values for transverse and longitudinal tests. 
Particulars of other steels from the Institute of Welding, ete., tested in one series only are given in Table XIII. 
1S As, O-5"% SS $u-iz® As, O-09% SS 5 Invot iron, 6 A “repeat” batch of wrought iron T. 
FARES Uh. losses in weight of specimens of the standard reference 
ARTIE tis OF SURPAC tEATMENTS Bb tE EXPOSURE,? . , = ‘ . 
PARTICULARS OF SURTAOS TER RSS TS SRVUeS Saree steel, mild steel X, containing 0-2% of carbon, 0-6°% of 
— Without Mill Scale. manganese, and no added copper (actually 0-02%,). 
_ ' Values are available for all fourteen stations, in some 
t is-relled,. Materials prepared = by p. Pickled. In 15* by volume sul . : nm 
the normal hot-rolling process, kept phuricacid atabout  C.Approxi- cases for two or even three series of tests. The repro- 
oe ee ne ducibility from one test series to another at the same 
before exposure Sand-blasted.®— Air prossure 12 Ib, station is good. 
per sq. in.; distance from nozzle - . . 
rl. As-rolled, reduced rolling temperature, 3-6in, Leighton Buzzard sand, From the results and the discussion, the author states, 
As (r) but refling completed at a . ase 7 . . . ‘ am ” . : - 
reduced rolling temperature. With | m, Machined.Depth of cut in, 26 may be cone luded that, as a rule, straightforward 
some materials (cf. Third Report, traverse da ia.; cutting speed corrosion of iron and steel should not be marked in non- 
oe, cit., Pp. GR) different methods o weit. pee nin.; done dry. ‘ m . P 
taining a low-temperature finish industrial, tropical or sub-polar climates, and that the 
ere compare wl, Polished Buffe: o irro ° ° ° ° 2 : 
™ ni Pee ee ene tunes: (1) Grom, ’" primary cause of severe corrosion is industrial pollution. 
r2. tv-ralled, alternative rolling tempera stone, (2) @O-grade emery, (3) 90- Unfortunately, this conclusion is not so reassuring as it 
ture < (r), but rolling not con wrade emery, (4) 40-grade emery " ‘ 
ducted normally, the material (5) emery compo, (6) lripolicompo, sounds, for two reasons :— 
usually being finished at a higher (7) Chromic compo wh. C2 . — sia , : 
Seasiehene tae anneal peeieneb enna of ofesl alaat (a) The fact that iron or steel is used at all at the 
6,000 ft. per min. for stages (1) and places concerned will often imply that there is at 
(2) am 7,0 per min, for ° ° <— 
tinishing stages, least some industrial activity there; and 
. (b) Corrosion may not be straightforward. 
iS Geni iicnion tam coak Ger tar tas en at cae: cc tinaiind, be The first point is obvious ; while after an examination 
Later hot-blasting has been substituted. The two processes may be of the second the author concludes that :— 
egarded as equivalent for the present purpore, 


4. What is the effect of the addition of low percentages 
of alloying elements on the rate of atmospheric 
corrosion of mild steel / 

5. What is the effect, if any, of the initial surface 
condition ¢ 

6. What length of exposure is needed to remove the 
mill scale from as-rolled iron or steel by natural 
weathering / 

7. What are the effects of sundry variables (the 
method of piling wrought iron; different con- 
ditions of test exposure) / 

8. What protection is afforded to steel by galvanised 
coatings / 

The questions are discussed in sections under their 
respective heading, but it is only possible here to give 
the author’s main conclusions resulting from the tests. 


Effect of Climate on the Rates of Atmospheric 
Corrosion 

The effect of different climates on the rate of atmos- 

pheric corrosion of ordinary irons and steels is best 

illustrated by the data summarised in Table IV. These 

are the figures in mils. per year calculated from observed 











(i) In certain climates, particularly where the relative 
humidity or the temperature is low, it may be unneces- 
sary to protect steel at all, provided that there is no 
danger of local attack being promoted by the formation 
of sealy rust. This will largely depend on the form in 
which the steel is used and on local conditions ; the best 
ultimate criterion will be experience gained from the 
behaviour of similar structures in the past. For instance, 
in certain parts of Nigeria it should be possible to use 
ordinary black corrugated sheets for roofing without 
protecting them against corrosion.* On the other hand, 
near the coast the presence of salt spray in the air may 
be found to produce the scaly-rust type of attack, and 
painting may be necessary; this may even depend on 
the pitch of the roof. 

(ii) Thick rust should never be allowed to accumulate 
on iron or steel. A thin uniform fine layer of rust may 
not be harmful, but rust of the scaly type is deadly. 
Variation in the Rate of Atmospheric Corrosion of 

Mild Steel with Time 

Three series of tests at Sheffield and a fourth made at 

Llanwrtyd Wells supply information on this point. [n 


3 Temperature effects inside a building are another matter. 
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Fig. 1.—Variation in corrosion of mild steel X with 
time. 


each case similar sets of specimens were exposed simul- 
taneously and removed, respectively, after one, two and 
five years’ exposure. The ordinary standard mild steel X 
was included in all sets, and the corrosion rates observed 
for this material are given in Table V. The losses in 
weight of the specimens are plotted in Fig. 1, beneath 
which are shown values for the losses in the weight of 
ingot-iron pollution specimens which were exposed for 
periods of twelve months throughout the test periods. 
The latter are a rough index of annual variations in the 
corrosiveness of the atmosphere, due to changing 
meteorological and industrial factors. 

It is concluded that in the absence of complicating 
factors, such as the formation of scaly rust, the corrosion 
of ordinary steel in the atmosphere is at worst directly 
proportional to the duration of exposure and may in 
practice prove less than this. Although the data pre- 
sented here are limited to ordinary steel, this conclusion 
is broadly tenable, on the basis of the experimental 
results, for all other wrought irons or low-alloy steels 
tested. 


Comparative Resistance of Mild Steel, Wrought 
Iron, Ingot Iron and Aston-Byers’ Iron to 
Atmospheric Corrosion 

Wrought Iron.—There is a sharp distinction between 
the behaviour of wrought irons produced from relatively 
impure ores, with high-silicon and phosphorus contents, 
and those produced from high-grade ores of Swedish or 
other origin. The essential difference between them 
lies in their slag content ; as is reflected in the analyses 
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for phosphorus and silicon, shown in Table II, this is 
much higher in the British than in the Swedish wrought 
iron. 

The experimental fact, which is demonstrated by the 
results grouped in Tables VI and VII, is that the less 
pure British wrought irons have a superior corrosion 
resistance to that of ordinary mild steel, whereas the 
very pure Swedish iron is markedly inferior to the latter 
material. In round figures, taking the corrosion of mild 
steel as 100, the margins in favour of the British wrought 
irons, or to the disadvantage of the Swedish material 
may both be assessed at 25%. 

Three factors are discussed—mill scale, mechanical 
obstruction by slag particles, and the phosphorus 
content—to which the superiority of the less pure 
wrought irons as compared with mild steels may be 
attributed, but on the whole the effect of the phosphorus 
content is probably the most important. 

Ingot Iron.—There is no evidence whatever that the 
resistance to atmospheric corrosion of ingot iron, which 
is essentially a dead mild steel, in which the carbon, 
manganese, phosphorus, silicon and sulphur contents 
have been reduced to the lowest practicable limits, is 
superior to mild steel itself. Indeed, if anything, over 
long periods of exposure the advantage lies with mild 
steel. 

Aston- Byers’ Iron.—This is a synthetic wrought iron 
made by a special process, which consists of pouring 
dead mild steel, made by the acid Bessemer process, 
into a bath of molten synthetic slag. The resulting 
mass of metal and slag is pressed into a bloom, which 
can be worked by rolling and piling in the same way as 
ordinary wrought iron. 

The results of tests over five years show that this iron 
proved approximately 10% more corrodible than mild 
steel itself, whereas in these particular tests Staffordshire 
wrought iron lost from 25 to 36% less weight than mild 
steel. Hence, as regards atmospheric corrosion resistance, 


TABLE V, 
VARIATION IN CORROSION RATE OF MILD STEEL WITH TIME, 
Specimen exposed with mill scale, 
Loss in Weight Corrosion Rate, 
G. per Specimen, Mils, per Year, 
Station. Pest 
Series. os 
1 2 5 1 S 4..% 
Year. | Years.) Years, ear, 
Llanwrtyd Wells... .. Il 1) 189 260 | 3-63 | 
She flield .....-.- : Land Il 214 359 | 889 | 5-18 | 
Il 229 | 420 | 900 | 5-54 
I\ 211 360 | 817 5-11 





| | | | | 


[LD STEEL OVER A FIVE-YEAR PERIOD. 


Specimens exposed with mill scale. 





Home. 
Relative to 
Station. Test Series. | Mils per Year| Sheffield 
(= 100). 
ot I. & Il 38 
ve Holes Tunnel a 57 
II. Be 
vrtyd Wells I. 29 
IL, so 
herwell 1. 51 
r Z 16 
held I. & IT. 102 
Il. 14 
3 w4 
Niel 1. 2-26 ie | 
NOwirg to the outheak of war, it wasdecided tocont nue the expr sure of 
ve since been presumed lost. 


45°, of the mill scale was intact after exposure. 


Overseas. 
Relative t 
Station. Test Series. |Mils per Year. She ffieldo 

( 100) 
Dbbatte®. ......00s0c00s0e0 |§ Lem 0-27 j 
i ee o“e I. 0-77 18 
APOE 2c cece ccccccesvcees 4 O45 il 
Bete «oc cccvcsccess I, 0-46 ll 
CRE 0c cc actstcs ‘ i I, 1 “82 | 13 
ILI. 1-85 | it 
Khartoum I. 0-038 l 
Il, 0-038 l 
Singapore! .. “a I. 0-62 5 
Il. 0-53 13 
te: tver’es ITIL, at Ab sko and Singapore beyond 5 years. The Singapore specimens 
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MILD STEEL, COPPER-BEARING STEEL, WROUGHT IRON AND INGOT IRON, 


Specimens exposed with mill scale. 


Corrosion 
Rate of 
Steel X 

(Cu 0-02 °%,), 

Mils per year, 


Duration 
of Test, 
Years, 
R Swedish. 


Abiske 
Calshot 
Dove Holes 
Khartoum 
Lianwrtyd Wells 


Punnel 


she field 
Singapore 


I'The losses 


2 These specinens were incompletely desealed at the end of the test. 


this iron is to be classed with ordinary steels rather than 
with wrought irons, 


Effect of Low Percentages of Alloying Elements on 
the Resistance of Iron and Steel to Atmospheric 
Corrosion 

The conclusions to be drawn concerning the effect of 
low percentages of alloying elements on the resistance 
of iron and steel to atmospheric corrosion are based 
in the main on two distinct series of experimental 
results. In general, these results show that it is possible 
by the addition of small quantities of suitable alloying 
elements to ordinary mild steel to produce structural 
steels of which the resistance to atmospheric corrosion 
is up to twice as great as that of the unalloyed steel. 
Since the improvement in corrosion resistance is accom- 
panied by an enhancement of mechanical properties of 
corresponding magnitude and since these improvements 
are obtained at a remunerative cost in terms of the 
alloying elements used, there should be a wide field of 
usefulness for such steels. 

Effect of Copper.—The Committee’s tests have fully 
confirmed the pioneer work of the American Society for 
Vil 


WROUGHT IRON, 
AT SHEFFIELD, 


rABLE 


ASTON-BYERS IRON, 
CHROMIUM STEEI 


MILD STEEL 
(Parr LV.) 


COMPARLSON ©} 
AND COPPER 


Relative Corrosio 


Wrought 
Iron 


“7 
4 
tif 


COPPER AND, OR CHROMIUM 


Sper 


it Abiske 
teel X, 218, 


in weight of the specimens at Abisko and Khartoum were so 
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COMPARISON WITH COPPER-BEARING 


imens exposed with 


ind Singapor 
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| Ingot Iron 
w. 
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’ Scottish. | Y 


(Cu 0-2%). 
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(See footnote No, 1) 
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stiall that nu comparison of materials is warranted. 


Testing Materials, and individual American investigators, 
which led to the recognition of the beneficial effect of a 
small percentage of copper in iron or steel on its resistance 
to atmospheric attack. From the data given in Table VI 
the following generalisation seems justified :— 

The addition of low percentages of copper to mild 
steel has the effect of improving the resistance of this 
material to atmospheric corrosion to a degree which 
renders this comparable with that of unalloyed British 
wrought irons. It may be added that the results of 
atmospheric corrosion tests on wires‘ show that the 
effect of adding small percentages of copper alone to 
British wrought iron renders the corrosion resistance of 
this material comparable with that of mild steel con- 
taining both copper and chromium. 

Effect of Chromium.—The effect of the presence of 
small quantities of chromium in steel is illustrated by 
the data given for steel K in Table XI. This steel differs 
from the standard unalloyed steel X2° in containing 
1-0°% of chromium ; its loss in weight after five years’ , 
exposure at Congella or Sheffield was approximately 
60°, of that of the standard steel. Hence the addition 
of even a low percentage of chromium to steel improves 
its resistance to atmospheric corrosion considerably. 

Joint Effect of Copper and Chromium.—Reference to 
Table XI shows that, whilst the effects of copper and 
chromium when present simultaneously are supple- 
mentary, they are not fully additive. Three distinct 
copper-chromium steels were tested, L, M and N ; each 
contains 0-5% of copper, but the chromium content is 
0-6% for Land M and 1-0% for N. There is a difference 

4 Fifth Report, loc. cit., p. 260, and further unpublishe| data. 


A repeat cast identical with steel X, as shown by metallurgical examination 


smd test data (ef footnote to Table XL). 
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TARLE XIII.—COMPARISON OF VARIOUS COMMERCIAL LOW-ALLOY STEELS FROM THE INSTITUTE OF WELDING, ETO. 
All specimens shot-blasted before exposure. Duration and place of test, one year at Sheffield. 





Steel. Reference and Type. 


BM ONE ccc cwsciccsss 
Nickel-copper (low-carbon) 
Nickel-copper (high-carbon) . 
2°. nicke veeeeves 
Cu-Ni-Mo 
Cr-Cu-Si-P ... 
Cr-Mn-Cu ..... 
Copper-chromiun$ . 
Cu-Cr-Si-Zr ... eee 
( opper-manganese8 
Copper-mManganere. 
0°35% copper 
EF ccccuss 

Admiralty D 

Carbon-manganese ........665. Saesnve 
Corrosion Committee's standard mild steel. . 


Relative 
_'|Corrod ibility 
(Steel X2 

loo), 2 


Analysis. 


mu, %. Other Elements,! °, 
O-o9 3-1: 4) 
O-o5 - a6 


Mo 0-10 
POo-ldS 


Zro-lw 
P O-Od, S 0-05 
P 0-06, As 0-05 


As 0-11 


S 0-05, As 0-05 


1 Present in amounts of 0-05% or more, 
? The loss in weight ef steel X2 was equivalent to an annual corrosicn rate of 


4-51 mils, 


3 Included in the coal-wagon tests of the Sub-Committee on Low-Alloy Steels, 


too in manganese content, which is 0-6°% for L, but 
0-8-0-9% for M and N. Comparison of the results for 
these steels amongst themselves and with those for steel 
K (1-0% of chromium, but no added copper) and ZK 
(0:5°% of copper, but no added chromium) shows that : 

(i) The optimum corrosion resistance is obtained, as 
might be expected, in the most highly alloyed material, 
steel N, with 0-5% of copper, 1-0°% of chromium, and 
08% of manganese. (The effect of manganese will be 
discussed later.) 

(ii) Steels L and M, containing 0-6°% of chromium 
with 0-5% of copper, are roughly equivalent to steel K, 
which contains 1-0° of chromium alone. 

(iii) The resistance of steel N over five years’ exposure 
is approximately double that of the unalloyed basis 
steei, X2. 

Effect of Silicon.—The series of steels prepared for 
test by the Committee were not specifically intended 
to study the influence of silicon on the resistance of steel 
to atmospheric corrosion, but despite this, some interest- 
ing indications can be drawn as to its probable effect. 
For instance, steels X2 and XK (Table XI) differ only 
in that the former contains 0-02% of silicon and the 
latter 0-10% (Table II); in steelmaking parlance, the 
first steel is ‘“ balanced,” the second ‘ semi-killed.” 
The experimental fact is that XK has corroded 11% 
less than X2. To sort out the effect of each individual 
element, however, appropriate variation in analysis 
would be needed, and arrangements for such tests are in 
hand. Meanwhile, it may tentatively be concluded that 
the addition to steel of small amounts of silicon (and 
possibly of other deoxidising elements) will have a 
generally beneficial effect in increasing the resistance to 
atmospheric corrosion. 

Effect of Manganese.—The only clear-cut comparison 
relating to the effect of manganese is the relative 
behaviour of steels L and M. Both steels contain 0-6% 
of chromium and 0-5°% of copper, but steel L has 0-58°% 
and steel M 0-89% of manganese (Table II). In the 
atmospheric corrosion tests (Table XI) there was no 
significant difference between them. 

Effect of Arsenic.—Some indication of the effect of 
this clement on resistance to atmospheric corrosion is 
given by the results obtained for two steels P and Q 
(Table 11), taken from steelworks’ stock. Reference to 
‘Table XII shows that steel Q, which contains 0-10% 
of coyper, is equal or superior to steel Y, containing 
)-22° of copper. Since, in addition, steel P, with 0-13% 


TABLE XII 
EFFECT OF ARSENIC CONTENT ON THE ATMOSPHERIC CORROSION 
OF MILD STEEL, 


Specimens exposed with mill scale, 


| Corrosion | 
Rate of 
Steel X 
(As 00-05%, 
Cu0-02%),) Stel P Stel Q Steel Y 
Mils per | (As 0-13%, (As 0-12, | (As 0-059), 
Year, | Cud-05°%,), | Cud- 10%), | Cud-22°) 


| | Relative Corrcsion, 
Duration 

of Test 
Years, 


Station, 


Khartoum > TS | 
She flield ) 

Singapore 5 53 8&3 70 - 
Llanwrtyd Wells. . 5) 26 . | 74 st 


92 Sl | 80 


® The corrosion cate is too small to warrant any comparison between the 
different steels, which were only partially descaled after 5 years’ exposure, 


of arsenic and 0-05°, of copper, is distinctly superior 
to the standard low-copper steel, it may be concluded 
that the presence of small percentages of arsenic in steel 
increases its resistance to atmospheric corrosion. 

Effect of Nickel and Other Elements.—The results of 
tests on sand-blasted specimens exposed for one year 
are given in Table XIII. The steels are arranged in 
order of merit, and, in conformity with other tables, 
their losses in weight are expressed as a percentage of 
that of the standard mild steel X2. Four nickel or nickel- 
copper steels head the list and another occupies the 
sixth position. Itis probable that the corrosion resistance 
increases with the nickel content, since the best steel of 
all, WE, contains the highest amount of this element, 
3-12%; this steel is approximately twice as resistant 
as the unalloyed standard steel X2. It is also apparent 
that the effects of copper and nickel reinforce each other. 

The chromium-copper-silicon-phosphorus steel WH 
occupies a high position in the order of merit and has 
proved superior to the plain copper-chromium steels 
WG and DN ; this is probably attributable to the higher 
silicon and phosphorus contents of steel WH, as already 
mentioned. 


Effect of the Initial Surface Condition 

The surface condition of the specimens prior to 
exposure was varied in many cases (Table IIT), since it 
was thought possible that this might have some effect 
on the results obtained. From these results it may be 
briefly stated that :— ‘ 

(i) Although the surface condition of the specimen 
may play a part in retarding the initiation of atmospheric 
corrosion—for instance, mill scale or the adherent sand 





224 


deposit left after sand-blasting may do so—such effects 
are generally transient and become relatively un- 
important over long periods of exposure in corrosive 
atmospheres. ® 

(ii) There is no evidence—again with reference to 
long periods of exposure and corrosive atmospheres— 
that the order of resistance of different materials to 
atmospheric corrosion is appreciably affected by differ- 
ences in their surface condition before exposure, provided 
that this surface condition is the same for all. 


Time Necessary to Remove Mill Scale from Steel 
by Weathering in the Atmosphere 

From the results as a whole no marked difference was 

observed in the rates of descaling of ordinary and of 

copper-bearing steels. There was no evidence that the 

presence of copper in steel retards the rate at which it 


sheds its mill scale. If anything, the copper-bearing 
steels were descaled more rapidly than the ordinary steel, 
which would agree with the fact that the mill scale was 
thinner on the former. (At least, as judged by the 
average losses in weight on sand-blasting numerous 
specimens of each type.) 
Effect of Sundry Variables 
The effect of the method of piling wrought iron and 


different conditions of exposure are discussed under this 


orrosive atmospheres “is to be understocd one in 
fordinary mild steelis at least | mil. per year, which 
tml at 


6 In this connection, by“ 


which the rate of corrosion o 


ate osion is intermediate between those observed at Singapore 


i of cor 
Lianwrtyd Wells (Table IN 


The Constitution of Alloys of Aluminium 
with Manganese, Silicon and Iron 


(Continued from page 218) 


In summarising this latter section the authors state 
that the range manganese 0-4, silicon 0-4, iron 0-4%, 
has been studied in detail, and a few additional alloys, 
in the neighbourhood of the ternary eutectic points, 
have also been investigated. No new quaternary com- 
pounds were detected, and all the constituents could be 
traced back to the component binary or ternary systems. 
a(Fe—Si) and a(Mn-Si) are the end members of a con- 
tinuous series of solid solutions. Six primary regions 
occur in alloys containing up to 4°, silicon, due to 
aluminium FeAl,, MnAl,, MnAl,, 8(Mn-Si), and a; the 
surfaces separating these fields have been explored, 
and their intersections traced to the invariant points. 

In alloys containing from 7-5 to 12% silicon, the 
primary aluminium region is bounded by two other 
binary surfaces, marking the limits of the primary 
A(Fe-Si) and primary silicon fields. 

Aluminium forms binary eutectic 
FeAl,, MnAl,, a, §(Fe-Si), and silicon; FeAl, forms 
similar surfaces with MnAl,, MnAl,, and B(Mn-Si). The 
remaining binary surfaces involve peritectic reactions. 
These reactions rarely proceed to completion during 
solidification ; envelopment is of frequent occurrence and 
causes the persistence of many metastable constituents. 
Lack of equilibrium is also often caused by undercooling 
and by the uisaturation of the solid phases. 

The quaternary invariant points are four in number : 

Liquid, MnaAl,, FeAl,, §(Mn-Si), MnAl,, at 


manganese 3-85, silicon 0-35, iron 2-35°, ; 731°C. 


surfaces with 
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heading. Comparable tests of different piling procedi.res 
have been made at Sheffield and Llanwrtyd Wells cver 
a period of five years. It is concluded from the results 
that reworking the iron once improves the resistance: to 
atmospheric corrosion. There is no evidence that re. 
working more than once has any additional effect on the 
corrosion resistance. 

With regard to conditions of exposure, three aspects 
are discussed—viz., height from the ground ; horizoiital 


versus vertical surfaces; and the effect of rust. 


Protection of Steel by Galvanised Coatings 

Two sets of hot-galvanised specimens—i.e., twelve 
specimens in all—were included in the first series of 
tests on ordinary and copper-bearing steels X, Y and Z, 
exposed at Llanwrtyd Wells. In each set, two specimens 
of each steel were coated, the difference being that in the 
second set 0-5°, of copper was deliberately added to the 
zinc bath. The average weight of coating was approxi- 
mately 2-1 oz. of zine per sq. ft. of surface, corresponding 
to a calculated thickness of 0-0035 in. 

The specimens have now been under observation for 
eleven years. The only sign of failure so far noticed is 
the development of isolated rust spots on the coating, 
not greater in size than a pin-head. These were first 
recorded towards the end of the fourth year of exposure. 
These rust spots have shown no tendency to spread or 
increase in numbers during the last five years, and it is 
doubtful whether any practical significance should Le 
attached to them, particularly as the total number on 
the 24 surfaces exposed was only 20 at the last inspection. 


Liquid, FeAl,, 8(Mn-Si), MnAl,, a, at manganese 
2-60, silicon 1-35, iron 2-35% ; 695° C. 

Liquid, FeAl,, MnAl,, a, aluminium, at man- 
ganese 0-35, silicon 1-75, iron 2-00%; 648°C. 

Liquid, a, 8(Fe-Si), aluminium, silicon, at man- 
ganese 0-2, silicon 11-7, iron 0-6%; 575°C. 

All these involve peritectic reactions. There is no 
true quaternary eutectic in the aluminium-rich alloys ; 
in all of them final solidification occurs either at the 
ternary eutectic of aluminium, a, and silicon, or at the 
ternary eutectic of aluminium, {(Fe-Si), and _ silicon, 
depending upon the composition and also upon the 
extent to which undercooling and diffusion of iron into 
the solid phases has occurred during the early stages of 
solidification. 

A brief review is given of the constitution of alloys of 
aluminium and manganese containing silicon and iron 
as incidental impurities, and of the effect of varying 
the amount of these impurities present. In_ the 
aluminium-rich alloys, a small quantity of the man- 
ganese is taken into solid solution by aluminium or 
FeAl,, whilst the remainder occurs either as MnAl, or 
associated with iron and silicon as a. The silicon is 
partly dissolved in aluminium, partly combined as a 
or B(Fe—-Si), and partly present in the free state. Iron 
occurs as FeAl,, dissolved in MnAl,, or combined as a 
or B(Fe-Si). The ‘peritectic reactions involving the 
formation of a from MnAl, or FeAl, tend to proceed to 
completion during hot working or annealing, with 
consequent reduction in the amount of free silicon. 

No attempt has been made to study equilibrium 
conditions, and the work has been confined to the 
examination of slowly cooled alloys. 
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The Brittle Constituent of the Iron- 


Chromium System 


in the binary iron chromium system has been 


The existence of this second phase 


Sigma Phase) 


recognised by many investigators for some years, but its constitution has remained an 


unsolved problem. 


In more recent work, which forms part of a larger investigation, the 


existence of this second phase has been confirmed and its boundaries have been estab- 
lished down to a temperature of 600° C. The presence of cold work has been found to have 
an accelerating effect on the rate at which the o constituent can be produced in the alloys. 


NE of the most interesting problems in the field 
of ferrous metallurgy concerns the occurrence of 
the sigma phase in high-chromium steels. From 

a theoretical point of view, interest centres on the 
constitution of the phase which is still an unsolved 
problem; the X-ray pattern which it gives is complex, 
suggesting that its crystal structure is also complex 
and probably possesses only a low order of symmetry, 
but it has not yet been found possible to calculate the 
erystal form which would give rise to the recorded 
X-ray pattern. From a practical aspect, the ascertained 
properties of the phase, more particularly its great 
hardness and extreme brittleness, indicate the desira- 
bility of obtaining definite knowledge as to the limits 
of its existence in order that its production in com- 
mercially used alloys may be avoided, or at least 
minimised. 

Investigations carried out in various laboratories 
during the last 15 years or so have enabled ternary 
diagrams to be drawn which mark the approximate 
ranges of composition within which the sigma phase 
may be produced at various temperatures in iron- 
chromium alloys containing, in addition, nickel or 
manganese or silicon. Its production in certain other 
ternary or more complex alloys of iron and chromium 
has also been indicated. A summary of existing data 
on this practically important subject was given in these 
columns about three years ago.' At that time, however, 
as was pointed out, accurate information was lacking 
as to the temperature and composition limits within 
which the phase could form in pure iron-chromium 
alloys: there was even some doubt as to its existence 
in such alloys because Adcock,? in his detailed investiga- 
tion of the structure and properties of what were 
probably the purest iron-chromium alloys ever produced, 
had failed to find evidence of its existence, and although 
4 good reason for its non-formation, under Adcock’s 
experimental conditions, had been given by Jette and 
Foote,* probably the doubt still remained in some 
quarters, 

These doubts have now been cleared up and the 
probable phase boundaries indicating the limits of 
existence of the phase in pure iron-chromium alloys 
determined as a result of work carried out by A. J. Cook 
and F. W. Jones at the National Physical Laboratory 
under the direction of Dr. Sykes, the results being given 


Brittle Phase in High Chremium steels.” J. H. G, 
1A. Mareh, 1940, p. 143; July, 1940, p. 87. 

. & S. Irst., 1931, ii, 147. 

md Alleys, 1936, VIL, 207. 


Monypenny. 


in a paper to be presented at the autumn meeting of 
the Iron and Steel Institute.‘ 

In the first place Cook and Jones, who used for their 
investigations a number of the high-purity alloys 
actually prepared by Adcock, confirm the opinion 
expressed by Jette and Foote that Adcock’s fa‘lure to 
produce the sigma phase in the very pure alloys he 
examined was due to the extremely slow rate at which 
the ao transformation occurs in such alloys when 
they are softened and are reasonably free from internal 
stress; the periods of annealing at 600° C., or there- 
abouts, which Adcock used were not nearly long enough 
to effect even a partial change to the sigma form. 
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Fig. 1.—Iron-chromium phase diagrams over the range 
25-76%, chromium, 

The authors also found—again in agreemerit with 
Jette and Foote—that the rate of the a>o trans- 
formation was very greatly accelerated by prior cold 
work. As an example, they record that filings from an 
alloy containing 53 atomic per cent. of chromium 
reached equilibrium as a two-phase (a + ¢) system in 
two days at 720°C., whereas the bar from which the 
filings were obtained—which had been vacuum annealed 
for 12 hours at 1,300° C. by Adcock, and was therefore « 
entirely in the a condition—had not even started to 
transform to the sigma phase after 37 days at the same 
temperature. They also mention that transformation 
in bar material was markedly accelerated by hammering, 
and that local effects were produced at sawn surfaces. 

The phase boundaries shown in Fig. 1 were deter- 
mined by X-ray examination of filings from 13 alloys, 





4 “The Brittle Constitucnt cf the Iren-CLren iam sygtem (s pma lbise): 
I.—A Survey of the Limits cf the Sigma Phare in the Binary System,” 
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covering the range of composition between 26 and 
71 atomic percent. of chromium, the filings being sealed 
in silica capsules evacuated to a pressure of the order 
10°‘ mm. of mercury before they were subjected to any 
further heat-treatment. The X-ray patterns of these 
filings were determined after heating for various times 
at temperatures between 600° and 900° C. Preliminary 
tests on samples containing 40-50 atomic per cent. 
chromium indicated that stability in structure in this 
region could be attained at 600° C. in five days. Tests 
on alloys near the limiting compositions at 600° C. also 
indicated that no further change in the relative propor- 
tions of the phases occurred in such alloys when the 
annealing time was prolonged beyond 20 days; it was 
assumed, therefore, that equilibrium was att ined in 


these various alloys at the end of these periods of 


annealing. 

The structures resulting from annealing at various 
temperatures between 600° and 900°C. are shown 
diagramatically in Fig. 1. Annealing at 600° C. was done 
for periods up to 60 days, and at this temperature, and 
up to 750° C, the phase boundaries were finally fixed by 
estimating from the relative intensity of the lines of the 
phases in the X-ray powder diagrams the amount cf the 
sigma phase present in the duplex alloys; they are 
considered to have a probable accuracy of about 

1%. 

Treatment at 820°, or higher, produced a_ pure 
a structure in all alloys, irrespective of whether the 
original structure was a, o or a mixture of the two; 
consequently, it 
the o-phase boundary is below 820°C. At 820° C. the 
oa transformation was rather sluggish; thus, an 
alloy containing 46-8 atomic per cent. chromium, and 


previously treated so as to consist entirely of o, had a 


duplex (a o) structure after seven days at 820° C, but 
became pure a after 24 days. At somewhat higher 
temperatures, however, the reaction speed increased 
thus a pure o structure was converted to pure a 
after 11 days at 830° C., whereas 1 hour at 840°C. 
sufficed to bring about a 95°, conversion. 

At temperatures of 780°-810° C., however, annealing 
for about 25 days failed to produce equilibrium in alloys 
containing 46-50 atomic per cent. chromium. As 
either the a or the a phase—or the two together—could 
exist in these alloys for such long periods at these 
temperatures without aity noticeable change, the 
authors concluded that this was a case of true hysteresis 
and that there was little possibility of establishing 
accurately the boundary of the pure sigma phase in this 
temperature interval; hence, in Fig. 1, the broken 
lines mark what they deem to be the approximate 
boundaries. ‘The uncertainty does not extend to the 
outer boundaries of the duplex fields in the same 
temperavure range because alloys containing 36-43%, 
and 50°5-59°, did not show any marked hysteresis. 
As a result of the hysteresis observed in the 46-50°, 
“chromium alloys, however, it follows that whatever 


greatly ; 


structure one of these alloys may possess as a result of 


prior treatment—whether this initial structure be a or 
o, or a mixture of the two 
the alloy is heated for long periods of time between 
780° and 810°C. It may be noted in this connection 
that Jette and Foote*® considered that the a — o trans- 
formation was reversible at a temperature between 
775° and 800° C. They prepared a pure alloy containing 
50-6 atomic per cent. iron in both the a and @ forms, 
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and found that annealing for 22 hours at 800° left the 
a form unchanged, but converted the o into a mixi ure 
of a + o, with the latter predominating. Annealing for 
44 hours at 775°, on the other hand, left the o turm 
unchanged, but converted the a form into a mixture of 
a +o. Evidently the transformation in their alloy took 
place much more readily than in the alloys prepared by 
Adcock. Possibly this resulted from their alloy having 
received a greater amount of cold work during its 
preparation as a powder, though it may be noted that 
Cook and Jones state that the presence or absence of 
cold work did not eliminate the hysteresis effects which 
they describe. 

The phase boundaries in Fig. 1 have several interest- 
ing features. In the first place, they show that the pure 
phase is formed at 600°C. in alloys containing 44 to 
50 atomic per cent. chromium, and not solely at 50%, 
The authors thus disagree with Bradley and Goldschmidt, 
who stated the pure phase is formed only when chromium 
and iron are present in equal atomic proportions, but 
confirm the results of several of the earlier investigators 
who found it could occur over a range of composition. 
Secondly, the curve giving the upper temperature limit 
of the existence of the phase appears to reach @ maximum 
at about 47 atomic per cent. of chromium ; if the views 
of the earlier German investigators that the phase 
consists of the compound FeCr are correct, one would 
expect the maximum to be at 50 atomic per cent. 
Incidentally, if the phase is essentially this compound, 
Fig. 1 indicates that it is able to dissolve an appreciable 
amount of iron but little or no chromium. Further, the 
range of composition within which the sigma phase may 
be formed at 600° C, (26-71 atomic per cent. chromium, 
or 24-6-69-4%, by weight) is appreciably wider than 
has been reported by previous investigators, and, in 
addition, the slope of the curves marking the outer 
boundaries of the duplex regions suggests that the 
composition range may be still wider at lower temper- 
atures, though the time required for its formation at 
these temperatures would probably be very prolonged. 

In addition to their X-ray work on filings, the authors 
also experimented with samples large erough for 
microscopic examipation. The rate of transformation 
in such pieces was, of course, slower than in filings, 
though it could be accelerated appreciably if the sample 
was previously hammered cold. Thus, a sample of a 
46-8 atomic per cent. chromium alloy, which had not 
been subjected to cold work, except that due to sawing 
the specimen, was converted completely into the sigma 
phase by annealing for five weeks at 720°C. A similar 
sample of an alloy containing 48-8°, chromium was 
cold-hammered, and then required only 24 days at 
620° C. (at which the reaction rate, other things being 
equal, is presumably slower than at 720° C.) to produce 
the same effect. The authors omitted the cold-hammering 
in a number of their tests, however, as they found that 
it produced rather confusing strain markings in the 
alpha phase during subsequent annealing. 

The micro-structures which the authors obtained are 
in line with previously published descriptions of the 
appearance of the sigma phase. Samples consisting 
wholly of this phase caused considerable trouble during 
polishing owing to their friable nature, the polished 
surfaces showing large fissures and holes. In duplex 
samples the sigma phase appeared to have developed 
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first along the original a-grain boundaries, though 
separate patches appeared occasionally in the body of 


the a grains. Once this nucleus network had formed, 
however, it seemed that transition to the o form con- 
tinued in a random manner in the interior of the grains. 
The o phase in such duplex structures was plainly 
fissured, even when it existed as a relatively thin 
boundary network. The aurhors mention that alloys 
containing the sigma phase did not exhibit the same 
passivity to etching reagents, which was so marked a 
feature of the same alloys when they consisted solely of 
thea form. The microstructures reproduced in the paper 
which are excellent samples of metallurgical] photomicro- 


The Maintenance of the Furnace 
Linings in Large Basic Open-Hearth 
Tilting Furnaces* 

By A. Jackson 


(Applely-Frocinzyham Steel Co., Ltd.) 


always used more chrome ore and magn esite a 

paste for lining repairs than chrome-magnesite 
and magnesite as bricks. Before 1939 the materials 
used for making this paste were relatively cheap, and 
their use was therefore economic. 

Since 1939 considerable efforts have been made, first 
to reduce the magnesite consumption, even at the expense 
of increasing the chrome ore, later to reduce the chrome 
ore as well as magnesite consumed, and finally to replace 
both of these materials to the greatest possible extent 
by substitutes. 


A Mialways wed imore chro steel furnaces have 


TABLE I, 
ANNUAL CONSUMPTION OF CHROME ORE, MAGNESITE AND 
SERPENTINE, 


Consumption, Lb. per Ton of Ingots, of- 
Chrome Magnesite, Serpentine, 
Ore, ete, 
5-90 i 6-25 = Nil 
10-45 oe 5-28 oe Nil 
1-58 be Nil 
1-06 — Nil 


2-84 3-45 


Period. 


M40. sone 
1941 on R80 
1942 7-04 


1943 2-09 


zg June, 


Table I shows the annual consumption of chrome ore, 
magnesite and serpentine per ton of production over 
the last four years, compared with pre-war averages for 
the 250- and 300-ton furnaces at the Appleby plant. 

The figures for “* magnesite, etc.,”’ consist of magnesite 
and chrome-magnesite brick end recoveries (comprising 
some 50°, of all bricks used) and double-burned mag- 
nesite peas. Only a small proportion of the above 
materials is used on portions of the furnace other than 
the front lining. 

The points affecting the changes in consumption are 
as follows :-— 

|) The percentage of chrome ore in the paste 
was increased considerably, and some magnesite 
saving resulted. 
(2) The chrome ore percentage was steadily 
educed to give a minimum total consumption of 
rome ore plus magnesite. 
3) The front bank was fettled after the whole of 
scrap, etc., was charged, but before the addition 
he hot metal. This enabled pasting to commence 
i slightly higher level, but used more dolomite. 





Steel Inst., August, 1945. (Advance copy.) 
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graphy, were obtained by electrolytic etching in Vilella’s 
reagent, the etching time being of the order of 20 secs. 
The title of the paper indicates that it records only 
the results of part of a larger investigation which, it 
may be noted, is being sponsored by the Alloy Steels 
Research Committee. In view of the interest and 
importance of the subject, both from theoretical and 
practical aspects, it is to be hoped that the publication 
of this excellent piece of research will be followed, 
without undue delay, by that of further work, in which 
the formation of the sigma phase in ternary and still 
more complex alloys of iron and chromium will be 
examined with the same care and thoroughness. 


(4) Stable dolomite cement was used in place of 
magnesite powder for rebuilds. 

(5) Water-cooling of the front lining was used 
earlier, but was abandoned near the end of 1942. 

(6) More basic bricks were used in the splays, 
and less patching paste therefore necessary. 

These points were responsible for the alteration up to 
about the end of 1942. 

Concerning the use of serpentine, laboratory trials, 
commenced in June, 1942, showed that an 80/20 mixture 
of serpentine-magnesite (the magnesite being largely in 
the fine fraction) best satisfied the combined require- 
ments of refractories and economy of chrome ore and 
magnesite. Subsequent practical trials confirmed this 
view. Mixtures of chrome ore and serpentine were 
definitely less good and were considered unsatisfactory 
for this purpose. 

This new paste was again a stage less good than the 
material that it replaced. In consequence, as the front 
ot the furnace was continuous steel plate, shut-downs 
for repairs became more frequent. 

To overcome this trouble the structural work of the 
furnace front was strengthened and openings were cut 
through the plate-work between each door, which could 
be covered during operations by a detachable steel plate 
wedged into position. By this means some new brick- 
work could be put into the lining without taking the 
furnace off. It was only with reluctance that the con- 
tinuous steel-cased front was abandoned, but only the 
possibility of putting in new brickwork by this means, 
coupled with the fact that the doors on Appleby furnaces 
are relatively close together and have narrow jambs, 
easily accessible for pasting, enabled this serpentine 
material to be used. Some extra chrome-magnesite 
brick is now used, but much less than the saving in 
chrome ore and magnesite resulting from the alterations. 

The older tilting furnaces of smaller capacity at the 
Frodingham melting shop have only three doors, and 
consequently very wide jambs. Furthermore, the design 
of the furnace front will not permit of alteration on the 
above lines; we have, therefore, not as yet been able 
to adapt, with any degree of satisfaction, the less good 
type of paste to this plant. 

The following is the grading of the 80/20 serpentine- 
magnesite paste :— 

22 -8%, 


Moisture content, 
Grading on British Standard sieves :- 


On mesh... . 
” 25 mesh 
” 
B0+D 

100-0 
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The Structural Changes Effected 1 
70:33 Brass Strip by Cold Rolling 
and Annealing 


By Maurice Cook, D.Sc., Ph.D., 


and T. Ll. Richards, B.Sc., Ph.D. 


The effect of progressively increasing cold-rolling reductions, and of subsequent annealing on 


the structure and properties of 70 


been atudied by X-ray and microscopic methods. 
F Metas,* from which this account has been abstracted. 


the JOURNAL OF THE INSTITUTE O 


ANY investigators'® have studied the problem 
M of directionality in rolled and annealed brass 

strip, but the nature of the mechanisms of 
deformation on cold rolling and recrystallisation on 
subsequent annealing are not yet fully understood. The 
purpose of the work described by the authors in the 
present paper was to obtain more information concerning 
the structural changes which take place in these 
operations, and to correlate these changes with the 
mechanical properties and cupping characteristics of the 
strip. 

Three series of strips, each with random orientation 
of crystals, but with different grain sizes, were rolled 
with reductions in thickness ranging from 10 to 95° 
and subsequently annealed at temperatures ranging 
from 400° to 800° C. This material was examined both 
in the cold-rolled and annealed conditions by X-ray and 
microscopic methods. The hardness of the strips was 
determined, and cupping tests were carried out on 
annealed material. The mechanical properties of selected 
strips in various directions were determined, and anneal- 
ing curves were established for strips of the three series 
rolled with reductions of thicknes of 40, 70 and 95° 

The metal used in the investigation was all obtained 
from one 1,000-lb. ingot of phosphorus- free brass of the 
following composition—copper, 69-25°, ; tin, 0-01% 
lead, 0-004%; iron, 0-015°,; nickel, 0-013% 
arsenic, 0-003° zine (by difference), 30-71°,. The 
ingot, which measured 3ft. x 2 ft. x 34 in., was hot rolled 
to a thickness of 1} in. By means of a specified rolling 
scheme three series were prepared, each of 10. strips, 
with a random orientation of crystals and the same final 
thickness of 0-025 in., which had been given progressively 
increasing rolling reductions in thickness ranging from 
10 to 95°... By suitably adjusting the last two process- 
annealing temperatures, the grain sizes of the strips of 
the three series prior to the final rolling reduction were 
made 0-O1-0-015 mm. (A), 0-025 mm. (B), and 0-06 


Au vt ! l l 
iW rp ison \y Inst. Metals, 1916, 10, 1 
\ i Glock Vv le. 1 20, 181 
( i Sachs, i ‘19 s , 20, ( 
A. Philly ni Cc, HLS ! ‘y Vv Vv 1932, 
104, | 
©. 8.6 st, Meta 1v34, 85, ’ 
iM. ¢ k l 60, i5y 
25 SS k, Trans, Amer. Ins Vv We , Ito, 137. 1 
8 R. M. Brick and M. A. W umscn, ied., 1941, 143, S14 
8 uU. L. Burgheff and B.C. Bohle bid., 1942, 147, 144 


Ww KB, W. Palmer and C. 8. Smith, did, 1942, 147, 164 


30 brass strips, of three different initial grain sizes, has 


The work is reported by the authors in 


0-065 mm. (C), respectively. These annealing tempera- 
tures were 400° C. for series A, 500° C. for series B. 
and 575°C. for series C. After the final rolling, the 
strips were annealed for 1 hour at temperatures of 
400°, 500°, 575°, 700° and 800° C. 

The samples were numbered according to the key 
given in the accompanying table :— 


KEY TO LETTERING AND NUMBERING OF SAMPLES, 


\ Initial grain size . -. (hO1—0-015 mm, 
I * ” . . 0-025 mm, 

( o. a s .o. OF06-—0-065 mm, 

1 Nominal cold rolling reduction of ......... ‘. 1°, 

. 20° 

1 9 a o002 os We. 

o ” 9° ° es ooo OX 

6 ” ” ‘ cas. CF 

7 »” 70%, 

Ss a = steee 8°, 

’ on oo", 

w vif R . 95% 

t) 6Pinal annealing temperature of oes see” “400 c, 

4 » aoc, 

” o6ee 475°C, 

! ‘‘ o a . TOOrC, 

o 2 +;.:+  eeecse soo-c. 
Thus, strip A9-3 was a strip of a grain size of 
0-O1-0-015 mm., cold rolled 90%, and finally annealed 


at 575° C., while strips marked with a letter and one 
number only were in the cold-rolled condition. 

The same technique as that employed by the authors 
in earlier investigations on copper strip"™,'? was used for 
the examination of the cold-rolled strip. The results of 
X-ray examination showed that the degree and type of 
preferred orientation developed in brass strip by cold 
rolling was independent of the initial grain size, and was 
determined only by the magnitude of the final rolling 
reduction. A pole figure representing the complete 
distribution of the octahedral planes of the crystal 
lattice was determined for the strip A 10, and is repro- 
duced in Fig. 1. This figure is in close agreement with 
that already established by Brick.’ 

The changes in microstructure. brought about by cold 
rolling were studied on etched sections cut paralle ‘| to 
the strip surface, and also on sections in the rolling 
direction perpendicular to the strip surface. The pro- 
gressive change in structure with increasing cold-rolling 
reductions was identical in the three sizes, but the 
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cha wes were more readily observed in the C strips The D.P. hardness of the cold-rolled strips was 
bec use of their larger grain size. determined, and in Fig. 2 the work-hardening curves, 
plotted on two scales, are reproduced. In curve I the 
} eet GmscTIOn hardness is plotted in the usual manner against the 
—~ps percentage rolling reduction in thickness, whilst in 
\ curves II the hardness is plotted against the degree of 
deformation, 
measured by the ® ai aaa | 3 
logarithm of the initial L ne Guo ae 
thickness T, of the : co @-e-e - { 
strip divided by its ~ ws 
1&2 thickness T after | V : 
rolling. The work- , (—“—- 
hardening curves for / 
strips of the three | / /\ 
series, A, B and C,z x <a’ ak 
have the same form, ¢ a ie | 
but the initial differ- > ly | ee, e/| 
pe 2 ence in hardness is not > % 7\ aN 
‘ 2 maintained over thez {| _, | \ y i 
Fig. 1.—A pole figure representing the whole range of de- ¥ l © | 95% ROLLING REDUCTION 
ra. distribution of the anges gue of formation considered. = 17 po — t+ 
B. the crystal lattice (as rolled). hak decane appreci- ie? Si e—e-9 ae | 
he ably with the heaviest 2 | got” a 
of ROLLING REDUCTION, PER CENT. ON LOG To/T SCALE (CURVES TT reductions. _ AY SZ 
22030 40 50 60 ie 4—-t [+ af * 
- ot lensile tests were | A Pd 
’ B made on samples cut «4 * ——=5 ra] 
i in various directions | ? 4 “in | — = 
from strips of the A, B el | A. 
and C series which had “| , an 7 
: - Ye 
= _< been rolled with reduc- | ll |e a oe 
Pais tions in thickness of 70 4 7" | A iemncigentinasell 
yer and 95%. The elonga- 58 8. £2 5 > 
q MF Le G tion values were very ““™ & "Ernest aera ites engi le oie 
. re * 2 di uel Snails ~ Fig. 3.—Tensile strengths of strips. 
: 4/| / 5 smail,and nosigni cant 
2 isp | /s 4 g variations in them could be observed. In Fig. 3 the 
° rf / . tensile strengths of A7, B7, C7, A10, B10 and C10 
3 | ld 7. ¢ strips have been plotted against the direction of test- 
2 0 LH. awa /@ z piece. It can be seen from these curves that initial grain 
| +” / g size has no appreciable effect on their form. In all cases 
6 ||| se 6 the values for tensile strengths are lowest in the rolling 
So L te - Fe ee eS direction, and reach a maximum at 90° to the direction 
of o (| | 4 | | 2 of rolling. 
led : \/9 Al = The marked directionality observed in such strip 
me : no Hit /_)_,@ a ee explained by the presence of the block structure, 
: le/ / / | | 6 since during tensile tests carried out on samples cut in 
= < ti/e | ne Pe i » 2 the rolling direction, the deformation can proceed by 
or! oe | continued crystal break-up and by block gliding on 
-- wit | prism faces ; whilst in tests on samples cut transverre 
ald al | a oe paevone a to the rolling direction the deformation can proceed 
es only by further break-up of the fragments upon new 
“at a | | | p layers transverse to the direction of testing. From such 
we oe -- = - + -. —_i considerations the tensile strength of heavily rolled 
tal ROLLING REDUCTION. PER CENT. (CURVES 1) brass st rip would be expected to show a minimum value 
any Fis. 2.—Diamond-hardness values of cold-rolled in the rolling direction and a maximum value in the 
th strips. transverse direction, and also the difference in value in 
— the two directions would increase with increasing degree 
old Th evidence of X-ray and microscopic examination — of deformation. 
re makes it clear that the deformation of 70:30 brass 


durin progressively increasing cold-rolling reductions 


ing ae Annealed Material 
takes place by two mechanisms similar to those already 


yro- . ae . yu »matic X-ray ex: inati 20 0 a 2 
=i deser: .ed for copper."' Whilst with copper the ervstals - - matic ay ray pppoe greene d to strips 
ing ¢ re . ‘ oe aller « -aled ; ieee ‘ lait : 
sh retain the'r individuality even after heavy rolling — a 4 a y C., since this material had a 
e ’ . “*. . , . r; “* 1170 ¢ > "CSE ey Terre > j 
reduc’ ons—that is, about 90°, or more, there is evidence small grain size, and the presence of preferred orientation 


of crystals in such strip can be detected and analysed 


that vith brass strip rolled in excess of 80°, the crystals , : ; : < . ‘ 
more easily than it can in strip of larger grain size 


disint. crate into minute fragments. 
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obtained by annealing at higher temperatures. Patterns 
obtained with strips annealed at 400° C. showed that 
they were fully recrystallised. Both normal transmission 
photographs and glancing photographs of the annealed 
strips were taken with the X-ray beam at right angles 
to the rolling direction. 

ROLLING DIRECTION ‘The X-ray evidence 
indicated quite clearly 
that in strips of all 
three series, finally 
annealed at 400° C., the 
resulting grain size 
decreased progressive- 
ly with the magnitude 
of the final cold-rolling 
reduction. The grain 
size of the strips prior 
to rolling also influ- 
enced the final grain 


size, so that strips of 


had larger 

grain sizes than corres- 

ponding strips of series 

Fig. 4.—A pole figure repre- 4 Further consider- 
senting the distribution of the ati Ripe } 
octahedral planes of the crystal ®“0M Is given to the 

lattice (annealed). subject of grain size 


series C 


and uniformity of 


structure in a later section dealing with microstructure. 

Marked preferred orientation was only observed in 
the strips of the three series rolled with the two heaviest 
reductions in thickness—namely, 90 and 95%. The 
texture ultimately developed by heavy rolling and sub- 
sequent annealing was identical in the strips of the 
three series, and in order to obtain a complete representa- 
tion of the texture a pole figure showing the distribution 
of the octahedral planes of the crystal lattice was 
determined (Fig. 4). This pole figure is in complete 
agreement with that established by Brick? for 70 : 30 
brass strip cold rolled 99°, and annealed for half an hour 
at 400° C. By comparing the pole figure of heavily rolled 
strip, Fig. 1, with that of the same strip subsequently 
annealed, Fig. 4, it can be seen that a definite reorienta- 
tion of the structure has taken place on annealing. 

It has been shown? that this annealed texture can be 
represented by preferred orientations in which the 
crystals are aligned with a {118 
strip surface and a <112> axis in the rolling direction, 
but noe satisfactory explanation has yet been given of 
how this texture arises from the original rolled texture. 

Samples of strip rolled with different reductions, and 
subsequently annealed at 400°, 500°, 575°, 700° and 
800° C., were examined microscopically on sections 
parallel to the surface and on sections in the rolling 
direction perpendicular to the strip surface. In all series, 
i.e., irrespective of the grain size before final rolling, the 
grain size of strips annealed finally at 400° C. decreases 
with increasing rolling reduction, but with higher 
annealing temperatures the effect of variation in the 
magnitude of the final rolling reduction is not very 
marked at any one temperature. The degree of uniformity 
of grain size in the finally annealed strip is, however, 
affected by tre initial grain size and by the rolling and 
annealing conditions, particularly when the final rolling 
is limited to reductions up to about 40°). 

With increasing final annealing temperature there is 
the usual increase in grain size, but in none of the strips 


plane parallel to the 
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examined was there any instance of abnormal crysial 
growth such as has been shown to occur in copper under 
certain conditions.'* The annealed brass strip exhibited 
no characteristic etching features which could be 
associated with the preferred orientation of the crystals 
such as were observed in copper strip,’? and it was not 
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Fig. 5. 


possible to distinguish between the various samples except 
by the closest scrutiny of the directions of twining. 

Annealing curves based on D.P. hardness determina- 
tions on samples of the A, B and C series, rolled with 
reductions in thickness of 40, 70 and 95%, and annealed 
for half-hour periods at temperatures ranging from 200° 
to 800° C., are reproduced in Fig. 5. From these it can 
be seen that all samples harden appreciably before 
softening commences. 

The amount of this hardening is independent of the 
initial grain size, but it increases with the magnitude of 

13 M. Cook and C, Macquarie, Trans, Amer, Inst, Min, Met, Eng., 1939, 133, 


liz 


14 M. Cook and T. Ll. Richards, J. Inst. Metals, 1943, @, 201. 
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tions at which maximum and 
minimum values occur. 


Cupping Characteristics 

Information on directionality in annealed strips was 
also obtained by investigating the cupping characteristics 
of strips annealed at 500°, 575° and 700°C. The cups 
had an external diameter of 0-510 in., and a height of 
0-410 in., and the results of the observations made are 

recorded in the accompanying table :— 
CUPPING 


TESTS. 


DIRECTION AND HEIGHT (IN INCHES) OF 
E ; 


Rs. 


Series A, Series B, Series C. 


Final Annealing 
Temperature, °C. 


Final Annealing 
Temperature, °C. 


Final Annealing 
Temperature, °C. 





2) 0 (3) 575)¢4) 700 (2) 500 (3) 575'(4) 700\(2 ) 500103) 575/04) 700 
ql) lo 15 15 15 15 45 15 Flat Flat Flat 
0-012 (0-020 )0-035 ) 0-005) 0-008) 0-020 
= 15 15 15 15 15 15 Flat Flat Flat 
0-010 | O-O18 | 0-033 | 0-005) 0-004) 0-017 
( uw) 5 4 15 Flat 15 15 Flat Flat hlat 
0-009 | 0-015 | 0-030 O05 | O-O17 
(4) 40 45 15 15 Flat 15 15 Flat Flat Flat 
0-008 |} 0-016 | 0-035 0-006 | O-021 
( my 15 15 15 Flat 15 15 Flat Flat Flat 
0-010 |}O-O18 | 0-037 0-008 |0-021 
(t oo 45 15 45 45 15 45 Flat i5 15 
0-013 | 0-022 | 0-041 | 0-005) 0-010 | 0-023 0-005 | 0-005 
70 15 15 15 15 45 15 Flat 15 45 
0-015 | 0-02 4/)0-041 |0-007 0-015 )0-025 O-O10 |O-O19 
su 15 15 15 Flat 15 15 Flat 15 15 
0-016 (O-022 (0-035 O-ols |) O-oB5 0-007 (0-020 
") 55 55 55 55 55 55 60 60 60 
O0-O18 0-624 )0-035 | 0-008 | 0-010!) 0-025) 0-015) 0-015) 0-423 
! os) 55 55 55 55 55 55 60° | 6O°* | GO>* 
0-020 0-028 |) 0-048 | 0-017 | 0-025) 0-042 | 0-200 |0-424/ 0-033 


Flat-topped cups. 
i Four ears at 45° to the rolling direction. 

Pour ears at 55° and 125° to the rolling direction. 

Six ears at 0°, 60° and 120° to the rolling direction. 

0° ears on these cups were very low and the measurements given 
are heights of the ears situated at 60° and 120° to the rolling direction. 
The * closely resemble the cups of the A and B series with ears at 55 
and 


ANGLE OF TEST-PIECE TO ROLLING DIRECTION, DEGREES 
Figs. 6 and 7.—Results of tensile tests. 


ANGLE OF TEST-PIECE TO ROLLING DIRECTION, DEGREES 


In all three series there was a change in the position 
of the earing as the fina! rolling reductions increased 
from about 80 to 90°, which coincided with the change 
in the type of recrystallisation, the direction of earing 
again corresponding to the direction in the strip in 
which the tensile strength was at a minimum (Fig. 7). 
In the A and B series the type of earing changed from 
four ears at 45° to four ears at 55° and 125° to the 
rolling direction. In the cups obtained from the C 10 
strips the 0° ears were very small, whilst the 60° and 
125° ears were more developed, and these cups closely 
resembled those cut from corresponding strips of the 
A and B series having ears at 55° and 125° to the rolling 
direction. The extent of earing on cups from strip 
rolled with any given reduction increased with the 
magnitude of final annealing temperature, except for the 
flat-topped cups from strips of the C series rolled with 
reductions up to 50%, which showed no _ preferred 
orientation. 


The Nickel-Molybdenum System 
NICKEL-MOLYBDENUM alloys were prepared from 
hydrogen-reduced powders and studied by Ellinger* 
both metallographically and by X-rays. The con- 
stitutional diagram shows: (1) A eutectic at 2,410° F. 
and 46-5% molybdenum; (2) a peritectic reaction 
between liquid and molybdenum-rich solid solution at 
2,500° F. to form nickel-molybdenum containing 62% 
moiybdenum; (3) the molybdenum-rich solid solution 
dissolves 0-9% nickel at the peritectic temperature ; 
(4) the solenity of molybdenum in the nickel-rich solid 
solution decreases from 37% at 2,410° F. to 30% at 
1,635° F., and to 20°5% at 1,110°F.; (5) nickel- 
molybdenum and the nickel-rich solid solution form 
Ni,Mo at 1,635° F.; (6) Ni,Mo and the nickel-rich solid 
solution form Ni,Mo at 1,545° F. The alloys containing 
21-35%, molybdenum are age-hardenable either by pro- 
portion of Ni,Mo or Ni,Mo and Ni,Mo. 

"© Finley H, Ellinger. Trans, Metals, 1942, 30, 607-637, 
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the Oxygen Sub- 
Committee on the 


Heterogeneity of Steel Ingots’ 


conditions have 


War 


interfered with the 


smooth and regular prosecution of the 


various researches of this Sub-Commiittee, and, in conse quence, some aspects of the 
work outlined in previous reports have not yet reached an appreciable state of finality. 


However, several additional proble ms have been inve stigated. 


Attention has been 


directed to the determination of gaseous elements other than oxygen, i.e., hydrogen 
and nitrogen, as they occur in solid materials. The fundamental aspects of the residue 


methods and their application to a 
examination, and the determination of 


investigated. 


ESPITE difficulties resulting from the continuance 

D of the war the Oxygen Sub-Committee! has 

carried out a considerable amount of work on 

the determination of gaseous elements, as they occur in 

solid materials, and also the gas content in liquid steel, 

since the publication of the last report.? Various methods 

applied have received further examination. The vacuum 

fusion method continues to be applied to specialised 
problems, such as the surface films on metals. 

In view of the more or less stabilised nature of the 
methods of examination, and their extension to deal 
with other gases, it has been thought desirable to 
modify the scheme of the Sub-Committee’s Reports. 
Section Il, which is sub-divided into parts under the 
main headings of oxygen, hydrogen and nitrogen, deals 
with improvements and modifications introduced into 
the methods of determination of each of these elements. 
Section II deals with the application of these methods 
to several specialised problems, viz., surface films on 
metals, rimming steels, ferro-alloys, acid and basic 
slags, and to a series of alloy steels, including high 
silicon-iron. Certain of these contributions are of an 
individual character, but much work in.others has been 
of a collaborative character, and the results of the Sub- 
Committee’s co-operative examination are given in. the 
section on the alloy steels, which is a continuation of 
an alloy steel series examined in a previous report.* 


SECTION IIL—METHODS OF ANALYSIS. 
Part A.-Determination of Oxygen 

The Vecuum Fusion Method.—This method, which still 
remains ‘he accepted standard method for the deter- 
mibation of total oxygen in iron and steel, is discussed 
by Mr. Sloman. which have been 
observed during investigations on alloy steels and ferro- 
alloys are mentioned, and are associated particularly 
the volatile metallic constituents. 


Sources of error 


with presence ot 


SE ree s 


of alloy steels have received further 


the gas content of liquid steel has been 


This report is comprehensive, and it is only possible here to present 
a summary of the conclusions of the individual contribut ‘ons. 


Mr. Sloman’s contribution also contains an account of a 
series of experiments on a 13°, manganese steel, under- 
taken to study the effect of the manganese-film formation 
on the oxygen value. 

As a result of the work which has been carried out 
since the last report, it has been confirmed that, provided 
suitable precautions are taken where necessary, the 
method gives accurate results for oxyger, hydrogen and 
nitrogen on all classes of ferrous materials. As regards 
oxygen, alumina is the only oxide which is sufficiently 
stable to present difficulties, and the examination of 
alloy steels containing aluminium has shown that even 
this oxide is quite rapidly reduced at about 1,600 C. 
In no case has the evolution of hydrogen been found to 
be either incomplete or sluggish, even at temperatures 
as low as 1,550° C. One or two nitrides which are not 
completely reduced at 1,550° C. have been noted. They 
occur in steels containing chromium and titanium, but 
no difficulty is experienced if the reaction is allowed 
proceed at 1,600° C., or over. 

The Fractional Vacuum Fusion Method.—Further 
experience with the fractional modification of the 
vacuum method is described by Dr. Swinden, Mr. 
Stevenson and Mr. Speight. One of the main difficulties 
of this method lies in the separation of iron and mangan- 
ous oxides which, even with pure and separate oxides, 
is incomplete owing to the small temperature interval 
between the melting point of the iron-carbon-tin alloy 
and the temperature at which manganese oxide 1s 
readily reduced. Attempts have been made to increase 
this interval by reducing the melting point and, con- 
sequently, the reduction temperature of the iron oxide, 
with the object of obtaining sharper separation of 
iron and manganese oxides. Additions of copper and 
silver have been made, with but only slight reduction 
of the melting point, and increased practical difficulties, 
such as an increased * blank,” volatility of the alloy 
metal and reduced carbon solubility, have rendered such 
modifications of doubtful value. 

The position remains that no indication of the 
validity of the fractional method, other than comparison 
with known residue extraction methods, is as yet 
available. As indicated by earlier work, it is known tat 
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wit inclusions of simple type, e.g., single oxides, 
separation is reasonably accurate, although this may not 
hold for more complex compounds. 

Further experience of the fractional method has con- 
firmed previous findmgs regarding the significance of 
fractional results on normal killed steels. In comparison 
with residue methods, there is a tendency for: (a) The 
iron-oxide to be lower, (b) the manganese-oxide fractions 
to be higher, and (c) silica and alumina results to be 
lower. The results of an interesting application of this 
method to a study of weld-metal deposits are included. 

The Aluminium Reduction Method.—This relatively 
inexpensive and rapid method is operated either in 
hydrogen atmosphere or under reduced pressure, and 
has given results in very close agreement with those of 
vacuum fusion, and, according to Mr. Gray and Mr. 
Sanders, it continues to be used with success. Two 
modifications have been introduced at the Central 
Research Department of the United Steel Companies, 
Ltd. :— 

(1) The furnace tube and rubber bung have been 
replaced by a silica tube and ground joint, the 
ground joint being connected to a Pyrex adaptor 
and stopcock. This is to minimise the possible air 
leak to the evacuated tube when using the older 
apparatus. 

(2) A modified graphite boat, incorporating a 
detachable lid, is now used. The purpose is to 
reduce possible error due to small pieces of silica 
being flaked from the tube and falling into the 
aluminium-alloy metal, thereby reacting to form 
alumina, 

The Chlorine Method.—In this sub-section Mr. Colbeck 
and Mr. Craven describe experiments on the effect of 
increased chlorination temperatures on the composition 
of the residue obtained in the normal chlorination at 
350°C. Increased chlorination temperature is neces- 
sitated by the presence in steel of alloying elements, 
particularly large amounts of chromium. The work on 
the increased chlorination temperature has been con- 
fined to the examination of one sample of steel, therefore 
no definite conclusions can be drawn from the results 
given, but the figures do give a general indication of the 
behaviour of the various oxides when the basic oxides 
are combined with silica and alumina, and are not 
present simply as FeO or MnO. Both the SiO, and 
Al,O, fractions remain substantially unaffected by an 
increase in temperature up to at least 550°C. A small 
decrease, as shown in the recovery of the two oxides at 
700° C., may be significant of the commencement of 
attack. At 450°C. the recovery of FeO is slightly less 
than at 350° C., while at 550° C. the amount of this oxide 
remaining in the residue represents only about 50%, of 
that retained at 350° C. The amounts of MnO found in 
the residues appear to be fairly constant up to 500° C. 
but at 700° C. the rate of attack is very rapid. 

These broad conclusions drawn from the results of the 
exper ments are consistent with the findings of Wasmuht,! 
who approached the problem from a different angle. 

T)« Alcoholic Iodine Method.—The fundamentals of 
this :ethod have received further attention, and in this 
sub-s- ction a critical summary of three papers dealing 
with various aspects of the method is presented. In 
one paper Mr. Rooney describes experiments on the 


“ 


schrift fiir angewandte Chemie, 1930, 43, pp. 98-101, 125-129, 
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effect of the water content of the methanol solvent, and 
shows that the presence of water causes an increase in 
the content of iron oxide found in the separated residue. 
Control of the purity of the methanol supplies as received 
by using sensitive hydrometers is suggested by Mr. 
Rooney as a means of avoiding unnecessary purification 
of the methanol by distillation over calcium. In another 
paper Mr. Speight discusses the behaviour of carbon 
and phosphorus in the alcoholic-iodine method, and their 
effect on the composition of the separated residue. A 
suggested explanation based on adsorption is put forward 
in connection with the contamination of the residue by 
oxides of these two elements. The possibility of a similar 
effect in the case of other constituents of the residue is 
also indicated, and the need for subsequent treatment of 
the residue to remove the excess contamination is 
stressed. Initial experiments using a solution of ammon- 
ium tartrate for this purpose have given a qualified 
success. As indicated in the Third Report of the Oxygen 
Sub-Committee, it is not unusual for an accepted method 
to be modified to suit different types of material. Con- 
sequently, it must be recognised that decomposition of 
steel by alcoholic iodine does not necessarily separate 
only the oxygen-bearing non-metaliic inclusions. For a 
correct measure of the oxygen content, any contaminants 
present should be identified and their effect on the 
determination assessed. A similar conclusion is reached 
by Mr. Rooney, who, in a further paper, of this sub- 
section, describes the interference due to the presence 
of aluminium in steel. From three steels containing 
rather more aluminium than is normally present in 
carbon steels, alcoholic-iodine residues with excessive 
contents of alumina were obtained. The alumina was 
eparated by an after-treatment into an insoluble 
fraction, which presumably occurs as alumina in the 
steel, and a soluble portion, comprising other aluminium 
compounds separated during the alcoholic-iodine extrac- 
tion. By these experiments our knowledge of the limita- 
tions and uses of the alcoholic iodine method has been 
definitely advanced. It can be stated, therefore, that 
the range and usefulness of this method have been 
extended, and some of the limitations listed in the 
previous report have been removed. 

The Aqueous lodine Method.—This method, on which 
Mr. Westwood reports progress with its application to 
pig and cast iron, continues to be used substantially as 
described in the Third Report of this Sub-Committee. 
Several of the samples previously reported have been 
re-examined and revised figures are included. Examin- 
ation of the results of this investigation shows such small 
variations between the amounts of individual oxides in 
different samples, and such small total-oxygen content, 
that attention is now being directed to methods yielding 
a total oxygen figure, aluminium reduction and vacuum 
fusion, which are likely to be adequate for present 
purposes. 

In order to bring the aqueous-iodine method into line 
with other methods, and to avoid the difficulty of surface 
oxidation, several attempts have been made to use solid 
specimens instead of drillings. It was found possible to 
dissolve the sample completely by prolonging the time 
of stirring, but there is not yet sufficient evidence to 
enable any conclusion to be drawn’ with regard to 
replacing drillings by solid specimens in the recommended 
procedure. A little work has also been done on samples 








5 Eighth Report on the Hetercgeneity of Steel Ingots, p. 43, The lron 
and Steel Institute, 1939, Special Report No, 25, 
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taken from various parts of the pig, but any evidence of 
heterogeneity due to this cause is not yet sufficient for 
issue. 

Summary 

The position, therefore, with regards to methods of 
analysis for oxygen in iron and steel may be summarised 
as follows : 

In the vacuum-fusion method we have a thoroughly 
reliable method of determining the total oxygen in steel 
and steelmaking alloys. A suitable technique must be 
employed when the sample has a high content of certain 
volatile constituents, such as manganese, but the 
necessary precautions are well established. 

The aluminium-reduction method has been extensively 
examined on a variety of commercial steels, and again, 
with suitable control, has been found to be uniformly 
satisfactory for the determination of total oxygen. 

It will, however, be readily understood that the 


determination of total oxygen provides information of 


only limited value, and, therefore, other methods have 
been investigated to assess the content of the re spective 
oxides, 

Che alcoholic-iodine method has been most exhaustively 
studied and its value and limitations are now reasonably 
well understood. By this method results comparable 
with those obtained by the vacuum-fusion process can 
readily be obtained on plain carbon and low-alloy steels, 
which, after all, constitute a very large proportion of our 
steel production, Favourable results have been obtained 
on some commercial nickel-chromium alloy steels, but 
stable carbides are a source of interference with the 
method. Low-carbon rimming steels containing a high 
proportion of ferrous and manganous oxides do not 
always furnish satisfactory results. 

The chlorine-extraction method gives promise of more 
successful application to a wider variety of steels, 
particularly those containing carbide-forming elements, 
e.g., chromium, but there appear to be limitations to 
the method, such as are demonstrated in the low results 
obtained for rimming steel. 

The modification of the vacuum-fusion process whereby 
the extraction is carried out in fractional stages has been 
shown to produce results in good agreement with those 
of the orthodox vacuum-fusion method as regards total 
oxygen, and some interesting results are obtained by 
this method in separating the oxygen into its constituent 
oxides. Further work still requires to be done, however, 
before the process can be claimed to have been established 
as universally reliable for all combinations of oxides. 

Finally, the aqueous-iodine method has been used, 
with interesting results, by the British Cast-Iron Research 
Association on pig iron, although the Sub-Committee 
prefer to express no opinion as to its reliability when 
dealing with steel samples. 


Part B.— Determination of Hydrogen 

Methods for the determination of hydrogen in steel 
are discussed by Dr. Newell. Almost all these methods 
involve vacuum extraction of the hydrogen at high 
temperatures, either above or below the melting point 
of the alloy. Hence, not only is hydrogen determined by 
the vacuum-fu:ion process, but also by the vacuum- 
heating method at temperatures of the order of 600° C. 
The Sub-Committee, as a whole, are satisfied that melt- 
ing in vacuo, under the conditions advocated for oxygen 
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determinations, does liberate all the hydrogen pres nt 
in steel. The vacuum-fusion apparatus, however, 
suffers the disadvantage that very high temperatures, 
of up to 2,000° C., or more, are required for the initial 
degassing operation, and the technique necessary for 
dealing with such apparatus, as well as the apparatus 
itself, is quite elaborate. 

Much work has been done on vacuum extraction, and 
Sloman,® who is responsible for much pioneer vacuum- 
extraction work done in Britain, showed that at 650° C. 
the evolution of hydrogen normally ceased after 1-2 hours, 
and that the amount so collected was equal to that 
collected by vacuum fusion at 1,550°C. Dr. Newell 
examined the rate of hydrogen evolution from steel over 
the temperature range of over 400° to 900° C,* and showed 
that normally an hour at 600° C. was sufficient for the 
complete evolution of the hydrogen free from all but 
traces of other gases, and gave results indicating that 
for a range of alloy steels vacuum heating at 600° C. 
was as satisfactory for hydrogen determination as vacuum 
fusion at 1,600°C. For this purpose a simple type of 
glass apparatus was designed and constructed, in which 
steel samples could be manipulated in and out of a 
clear-silica-tube furnace by the novel principle of a 
‘* mercury life,” by means of which contact between the 
steel and the furnace wall and any possible interaction 
were avoided. The advantages of operating under these 
conditions, as compared with those for vacuum fusion, 
are that the estimation of the hydrogen is made simply 
by measurement of its pressure at a definite volume and 
that the blank is negligible, amounting to only 0-00001 ml. 
(or 0-000,000,001 g.) per hour, which is only one- 
hundredth of the corresponding blank obtained under 
optimum conditions by the vacuum-fusion method. 

Since the publication of the paper just referred to, 
a number of laboratories have installed somewhat 
similar equipment and for the same purpose. In the 
following sub-section the author deals with further 
developments in the apparatus at the Brown-Firth 
Research Laboratories, whilst in the subsequent two 
sub-sections accounts are given of experience gained 
with equipment set up in the Central Research Depart- 
ment of the United Steel Companies, Ltd., and in the 
Research Department of I.C.1. (Alkali), Ltd. All three 
laboratories agree as to the value of the method in the 
investigation of the hydrogen content of steel, and the 
publication of this report brings forward extended 
evidence of its utility and reliability. 

One of the difficulties that one encounters when trying 
to compare the merits of different methods of deter- 
mining hydrogen in steel is that there is no certainty 
that two specimens from the same sample do really 
contain the same amount of hydrogen. When sectioning 
ingots the author has found as much as a five-fold 
variation of hydrogen content between the centre and 
outside of the ingot, maybe over a distance of only a 
few inches. The manner in which the specimens are 
machined from the block of steel is most important. 
Any appreciable heating of the steel during machining 
must be avoided, and such operations as sawing and 
grinding must be performed very slowly. Experience 
has shown that far too often extraneous variations ol 
hydrogen content between specimen and specimen have 
probably been introduced during the preparation of the 
specimens. 


6 Newell, Jowrna!’ of The Lron and Steel Institute, 1940, No. 1, p. 2 48h. 
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Part C.—Determination of Nitrogen 

In view of the wide interest in this element and its 
effects on steel, the methods of analysis reviewed in this 
part by Dr. Swinden will be particularly valuable. 
These methods may be divided into two groups :— 

(1) Methods in which the nitrogen is liberated as 
the gaseous element. 

(2) Methods in which the nitrogen, after con- 
version into ammonia, is measured by accepted 
unalytical methods. 

The most important of the methods in the first group, 
practised at the present time, is the vacuum-fusion 
method of melting the sample in a graphite crucible in a 
vacuum, whereby the resulting gases are collected and 
analysed by the conventional methods. The Sub- 
Committee has amply confirmed the accuracy and wide 


aj plicability of this technique to the determination of 


nitrogen in steel, even in the presence of the more stable 
nit:ides :uch as chromium, titanium and vanadium. 

The most common method of the second group, in 
which the nitrogen constituent of the steel is converted 
to ammonia and subsequently measured by conventional 
chemical methods, consists of solution of the sample in 
mineral acid, followed by distillation of the ammonia 
from alkaline solution. If the nitrides present are 
completely soluble in the acid, the method offers little 
difficulty, but the voluminous literature of the last 60 
years would suggest that such is not always the case. 
In fact, much’ of this work has dealt with the necessity 
for obtaining complete decomposition of the nitrides, or 
nitrogen-bearing compounds, by modification of the 
original solvent. 

The general applicability and possible sources of 
inaccuracy of the vacuum-fusion method for the deter- 
mination of nitrogen in iron and steel are discussed by 
Dr. Swinden in a sub-section. Reference is made to 
certain difficulties, but, it is added, the results obtained 
compare favourably with those obtained by the chemical 
method when the latter is operated under the best 
conditions. In fact, results obtained for nitrogen by 
vacuum fusion have indicated possible errors in commonly 
accepted chemical methods of determination. 

In another sub-section Dr. Swinden discusses the 


chemical distillation method, ard gives a brief outline of 


the development ard modifications in procedure recom- 
mended, and compares the results obtained by co- 
operators using different procedures on typical alloy 
steels. The influence of certain alloying elements, and 
of the physical condition of the sample on the simpler 
solution method, is demonstrated and discussed. A 
tentative standard method is described together with 
notes and recommendations ; the procedure includes the 
established distillation over caustic soda, and detailed 
comments on the blank troubles attendant on this 
method. 

Of considerable interest are the views expressed on 
the future development of chemical methods. It is 
stated that the chemical method can be sub-divided into 
two main operations: (a) The decomposition of the 
sample; (b) the collection and measurement ot the 
ammonia. 

The bulk of previous work has been directed towards 
obtaining more complete decomposition of the sample, 
and in the Sub-Committee’s experience many of the 
more-involved procedures, such as initial solution in 
dilute acid followed by filtration through asbestos and 
digestion of the residue in mixtures of high-boiling-point 
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acids, are unnecessary. For most steels the same object 
can be achieved by digestion of the original sample in 
sulphuric acid. It must, however, be pointed out that 
with highly complex alloys separate treatment of an 
acid-insoluble residue may be necessary and is in fact 
desirable. 

The method of collection and measurement of the 
ammonia is likely to afford scope for improvement. 
Whilst the principle of normal distillation over caustic 
soda has been the standard practice for many years, 
recent investigators’? have proposed a steam distillation 
which considerably reduces! the time required for the 
complete removal of the ammonia. Whilst this will 
effect some saving of time, it is perhaps not of such 
importance where batch determinations are conducted, 
since the decreased time of distillation would limit 
considerably the number of apparatus which could be 
operated by one chemist, and the net improvement 
would be very small. This method does, however, 
affect the weight of sample taken, thereby improving 
the accuracy of the nitrogen determination, in so far as 
bumping troubles due to increased weight are minimised. 
It is perhaps on these lines that future development 
will take place. 

Finally, one must not overlook the possibility of the 
development of a technique whereby the distillation can 
be entirely omitted, using, for example, a colorimetric 
principle applicable to nitrogen in the presence of iron 
and the usual steel elements. 


SECTION III—EXAMINATION OF MATERIALS 

In this section accounts are given of some of the uses 
to which the various methods of analysis have been put 
during the examination of ferrous materials, and for the 
purpose of fundamental investigation. Since much of 
the work has required the use of a ferrous base material 
of very low oxygen content, it is appropriate that the 
first sub-section should give a description of the pre- 
paration of this oxygen-free iron; known as N.P.L. iron, 
Mark 2. 

This paper by Mr. Sloman and Mr. Cook describes the 
experimental technique developed at the National 
Physical Laboratory for the production of low-oxygen 
content iron bar. Considerable experience had already 
been obtained in the Metallurgical Department, National 
Physical Laboratory, of thé preparation of high-purity 
iron, first on a small scale® atid later dn a large laboratory 
seale,® and the method of deoxidation by treatment with 
hydrogen in the molten state was well established. Not 
a great deal of work, however, had been carried out on 
the subsequent working of the metal into small-diameter 
bar. The method employed in the present case was 
based on this past experience, and the starting material— 
namely, electrolytic iron sheet-——was the same, but since 
small amounts of impurities, other than oxygen, could 
be tolerated, it was possible to by-pass the rather 
lengthy process of conversion, first to ferrous chloride, 
then to iron oxide and sponge iron, which had been 
previously adopted for their removal.® It was decided 
to designate the present iron as “ N.P.L. Iron, Mark 2,” 
in order to distinguish it from other oxygen-free iron 
prepared at the N.P.L. and subjected to the intermediate 
process outlined above. 

7 7 Kempf and Alresch, Archiv fiir das Eisenhiittenwesen, 1939-40, vol. 13, 
p. 419. 
8 Adecck and Bristew, Preceedings ¢f the Reyal Seciety, 1935, A, vol, 153, 


p. 172. 
9 Adcock, Journal of the Society of Chemical Industry, 1940, vol. 19, p. 28. 
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Owing to the method of cooling adopted, the ingots 
were extremely coarse-grained and very brittle, being 
unable to withstand any form of cold work. Hot working 
was therefore essential, and the problem became one of. 
developing a technique for the initial breaking down of 
the large crystals which would not increase the oxygen 
A detailed account is given of the technique 


content. 
developed. 
Further research on the surface-oxygen film on iron 
and steel is described by Mr. Sloman and Mr. Rooney 
in a second sub-section. The present contribution is an 
excellent and concise statement, containing much data 
of paramount importance to a sound understanding of 


surface films on metals. The extent of interference, 
attributed to the surface film, according to the type of 
sample used in the usual methods for the determination 
of gases, is carefully stated. The use of milled samples 
in any oxygen determination is not to be recommended. 

The reaction of rimming steels to the residue methods 
was noted in the Third Report of the Sub-Committee, 
and «a further study of several types of rimming steel is 
submitted by Mr. Rooney and Dr. Jones in the third 
sub-section. It was shown by Dr. Swinden and Mr. 
Stevenson in the Third Report (p. 384 Pp) that solution 
in alcoholic iodine at 65°C. gave low oxygen results, 
owing presumably to attack by the solvent on the basic 
oxides of iron and manganese contained in the low- 
carbon rimming steel examined. Mr. Rooney and his 
collaborator have studied in greater detail the application 
of the aleoholic-iodine method to rimming steels, and the 
earlier conclusions are substantially confirmed. It must 
he emphasised that the difficulty is most acute with 
rimming steels of low-carbon content and consequent 
high oxygen, oceurring mainly as iron and manganese 
oxides. With such steels Mr. Rooney has modified the 
standard procedure and investigated the effect of a 
heat-treatment of the sample, and, whilst a certain 
measure of improvement is achieved, further difficulties 
in the non-decomposition of sulphide and carbide have 
been encountered. X-ray examination was useful in 
detecting the presence of manganese sulphide and iron 
carbide, but did not detect any oxide, although a 
vacuum-fusion determination on a residue revealed the 
presence of 0-009°, of oxygen (see Appendix). 

Dr. Hattield and Dr. Newell, in the fourth sub-section, 
describes typical results for the gas contents of the raw 
materials used in steelmaking processes. Considerable 
variations in the gas contents are recorded, and their 
significance is discussed. A diminution of the hydrogen 
is achieved by heating ferro-alloys, ete., at 
but this procedure ts often accompanied 


content 
650 —S50° 
by increased oxidation. 

The information derived from the co-operative 
examination of the oxygen of typical acid and_ basic 
slags by ‘he usual methods of determination and reported 
by Mr, Stevenson and Mr. Speight in the fifth sub- 
section is most valuable. This investigation shows that 
our present methods of examination satisfactorily 
account for the oxygen content of acid silicates, but that 
with inclusions recovery may be incomplete. 
Although it may indeed be stated that such inclusions 
do not occur normally in steel, knowledge of the limita- 
tions of the present methods for oxygen is advanced 
substantially by these experiments. 

A concise paper jointly by Mr. Gray, Mr. Sanders, 
Mr. Graham and Mr. Short, in the sixth sub-section, 
describes the occurrence of elemental silicon in residues 


basic 
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from the aluminium-reduction method when applied to 
high-silicon iron, and the means adopted to overc. me 
this peculiar interference. In addition to being of 
considerable scientific interest, this unexpected behay iour 
of silicon is typical of the small but troublesome feat ures 
which arise all too frequently when new methods are 
applied to unusual materials. 

Mr. Pearce, in the seventh sub-section, states the 
position with regard to the oxide inclusions in pig and 
cast irons, reviewing the evidence presented by micro- 
scopic and chemical means. 

In a further sub-section the results obtained collabora- 
tively for oxygen, hydrogen and nitrogen in a series of 
commercial alloy steels are shown and amplified by 
suitable comments by Dr. Swinden. 


The foregoing relates to the examination of cold 
samples and it is felt that the work which the Sub. 
Committee set out to do in the establishment of methods 
has, speaking generally, been completed. It is quite 
clear, however, that it would be of far greater value to 
be able to determine the gas content (particularly 
oxygen and hydrogen) during the process of stee! 
manufacture. It is on this subject that the Sub-Com- 
mittee will concentrate their efforts in the future. 
Attention is therefore directed to Section IV, which, it 
is submitted, lays the basis for future work on the 
determination respectively of oxygen and hydrogen in 
liquid steel. The importance is elaborated by Dr. 
Swinden in the Introduction, and in Section IV (a) he 
and Mr. Stevenson give an account of their experience 
in furnace-stage oxygen determination, dealing particu- 
larly with the bomb method of sampling, the method 
of dealing with the sample and some typical results 
obtained. In Section IV (6) Dr. Hatfield and Dr. Newell 
deal with the sampling of liquid steel for its hydrogen 
content. Two new methods, the notched chilled-mould 
method and the balloon-tube method, are described, and 
a series of interesting results are reported. The con- 
clusion is drawn that the hydrogen content of small cast- 
steel samples need bear no relationship to that originally 
present in the molten steel. 


Vanadium in Low-Alloy High Speed Steels 
THE effect of quenching and drawing temperatures on 
the microstructure, hardness and cutting properties of 
steels containing 0-94—1-45 carbon, 3-8—4-8 chromium, 
0-9-3°5 molybdenum, 1-7-6-7 vanadium, and 1-5- 
3°3°, tungsten, as compared to a vanadium-free steel 
containing 0-76 carbon, 4-1 chromium, 3-1 molyb- 
denum, and 3-2%, tungsten was investigated by 
Gulyaev.* The fact that vanadium decreases the stability 
of austenite in the region of decomposition to pearlite 
and raises the temperature of minute austenite stability, 
greatly increases the critical cooling rate. Vanadium 
speeds up the isothermal decomposition of austenite in 
the second zone (at 300°). Vanadium raises the mar- 
tensite point and decreases the amount of residual 
austenite. It also permits the transformation of residual 
austenite into martensite and forms carbides which are 
difficult to dissolve in austenite ; diminishes the drop in 
hardness during drawing: and the addition of 2-3" 
increases the thermal stability of the steel and improves 
the cutting properties, and is recommended for low- 
tungsten high-speed steels. 

; Stal 11, No. 4, Chem, Zentrs W942. 1, 


A. P, Gulynev, do) C1941): 
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The Physical Chemistry of Open- 
Hearth Slags’ 


A survey of present knowledge of the fundamental physico-chemical relationships 
governing the constitution and properties of open-hearth slags. 


HE purpose of this paper by Dr. James White is 

two-fold—first, since progress in this field has 

been somewhat rapid in recent years, it was 
thought that an attempt to review and correlate the 
information now available might be desirable, and, 
secondly, since the knowledge dealt with is scattered 
widely, it was considered that it would be a service to 
bring together this material in a readily accessible form. 
For this reason a good many diagrams, particularly 
constitutional and thermal equilibrium diagrams, have 
heen reproduced in the paper. The review is concerned 
primarily with the chemistry of slag, and no attempt 
has been made to consider the relationships involved 
from the point of view of their influence on the metal 
bath. 

The subject is presented under twelve main sub- 
headings, which include the principal constituents of 
open-hearth slags ; thermal equilibrium diagrams of the 
slag-forming oxides; the system iron-oxygen; equilibrium 
in the system iron-oxygen in the presence of other oxides ; 
gas oxidation via the slag in the open-hearth furnace ; 
the mineralogical constitution of actual furnace slags, 
and influences affecting their composition; phase 
relationships in basic slags; fusibility composition 
relationships ; the viscosities of open-hearth slags ; and 
the chemistry of liquid slag. 

The principal oxides occurring in open-hearth slags 
are CaO, MgO, MnO, FeO, Fe,0;, Al,O;, P,O;, and 
Si0,, and a knowledge of the systems formed by these 
oxides with each other is essential to an understanding 
of the nature of the slag and of its role in steel-making. 
In this paper Dr. White discusses and correlates the 
available data concerning these systems, and gives 
thermal equilibrium and phase diagrams, where these 
are available, together with probable forms of some of 
the, as yet, unknown diagrams suggested on the basis 
of published information. Particular attention is paid 
to the equilibria governing the relationships between 
the oxides of iron and gaseous oxygen on the one hand, 
and between these oxides and metallic iron on the other. 
he modifying effects produced by the presence of other 
oxides on these relationships are also discussed. 

On the basis of the data presented, Dr. White discusses 
the question of the constitution of actual furnace slags 
and puts forward a tentative scheme of phase assemblages 
in solidified basic slags, which may serve as a basis for 
furthey work on the subject. Fusibility and fluidity 
relationships in furnace slags are considered in so far 
as they limit the range of “ workable” compositions. 
The cuestion of the molecular constitution of liquid 
slags . briefly discussed in the final section, which is 
reproc iced in the following, together with the references 
apper' ining thereto. 


(Advance copy.) August, 1943, 116 pp, 
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The Chemistry of Liquid Slag 

Our present knowledge of the chemistry of liquid 
slags may be said to be tentative only. Definite evidence 
concerning their constitution is necessarily harder to 
obtain for liquid slags than for solid slags, in which the 
crystalline constituents can usually be identified. There 
is, however, abundant evidence to suggest that com- 
pounds do occur in liquid slags. The investigations by 
Feild and Royster! on the viscosity composition relation- 
ships of CaQ—Al,O,-SiO, slags, for instance, showed that 
decided constitutional influences were operative in their 
melts. Similar evidence is provided by the slag-viscosity 
data of Rait and Hay,? Rait, M(Millan and Hay,® 
Preston,’ McCaffery? and others. In addition, purely 
chemical evidence is forthcoming, as it is difficult to 
explain the stabilising effect of CaO on P,O,, CaO on 
Fe,O, and SiO, on FeO in liquid slags without assuming 
that stable compounds involving these oxides are formed. 
Many statements are to be found in the literature as to 
the probable compounds occurring, but often these are 
little more than mere assumptions with little evidence 
to support them. Colclough® early tried to group the 
oxides found in basic slags into stable combinations 
in an endeavour to provide a rational explanation for the 
behaviour of such slags in the furnace. He concluded 
that the CaO combined primarily with the P,O, and SiO, 
to form 4CaO.P,0, and 2CaO.SiO,, respectively, while 
CaO in excess of the amount required for this combined 
with Fe,O, to form calcium ferrites. Only if the CaO 
content of the slag was low could appreciable manganese 
silicate be formed. He states that the action of CaO 
in displacing MnO from manganese silicate in basic 
slags is exactly analogous to its action in acid slags, in 
which it displaces FeO from ferrous silicate. Krings and 
Schackmann?’ have concluded that it is the metasilicates 
of CaO, MnO and FeO that occur in liquid slags, their 
stabilities decreasing in that order. Tammaan and 
Oelsen,® on the other hand, concluded that 2CaO.SiO, 
was the most stable silicate in basic slags. 

More recently an attempt has been made by the 
author® to show that relationships observed in the study 
of Fe,O, dissociation equilibria in liquid melts could be 

1 Field and Royster U.S, Burcan of Mines, 1908, Technological Paper 


Vo, 189. 


Rait and Hay. Jeurnal of the Royal Technical Cellege, Glasqow, 1938, 


vol, 4, p. 292. 
} Rait, M’Millan and Hay. J¢ 
1939, vol. 4, p. 449. 
i Preston. Transactions ¢ 
p. 45. 
D MeCaffery, Lorig, Golf, Oerterle and Fritsche, Imerican Institute of 
Vining ard Metallurgical Engineers, 1931, Technical Publication No, 383, 
6 Colclough, Journal of The tron and Steel lustitute, 1925, No, 1, 


urnal of the Royal Technical College, Glasgow, 


f the Society of Glass Technology, 1938, vol, 22, 


p. 267. ‘ 
md Schacknuinn, Zeitschrift fiir anorqanische Chemie, 152, 


ol, 206, p. 237. 
31-32 
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accounted for with reasonable accuracy on the basis 
of the simple law of mass action if it were assumed that 
the melts could be regarded as ideal solutions in one or 
another of various eompounds known to exist in solid 
slags, these compounds being, however, in general, 
partially dissociated into their constituent oxides. It 
was found that the curves for pure iron-oxide melts 
could be reproduced quite closely on the assumption 
that FeO, Fe,O, and Fe,O, were all present in the melts, 
the relationships between them being conditioned by the 

reversible reactions : 
Fe,0, = 2FeO + 40,, 
(FeO)? vO, Pressure 

(Fe,Q,) 


whereby k, 


FeO Fe,0,, whereby k, 
(FeQ) (Fe,Q,) 


(Fe,O,) 


and Fe,O, 


where all concentrations are expressed as molar fractions. 
(Actually, three equations linking the three oxides of 
iron can be written, but any two of these are sufficient 
to define the equilibrium completely.) In similar fashion 
the effect of CaO on the dissociation of Fe,Q, could be 
accounted for on the assumption that CaO.Fe,O, and 
2CaO.Fe,0, were formed in the melts. The effect of 
SiO,, on the other hand, was due principally to the 
formation of FeO.SiO,, 2FeO.SiO, being almost entirely 
dissociated, while with CaO and SiO, together in the 
melts the primary tendency was to form CaO.SiO, and 
to a lesser extent 2CaO.SiO, (the latter compound being 
more highly dissociated than the former). By applica- 
tion of the dissociation constants thus evaluated to 
established data on the influence of slag composition 
on slag-metal equilibria it was found possible to evaluate 
dissociation constants for the manganese silicates and 
also to show that the observed variations in the slag- 
metal constants could be reasonably well explained in 
terms of the concept of slag constitution thus developed 
The results obtained indicate that CaO.SiO,, MnO.SiO, 
and FeO.SiO, are the principal silicates occurring in 
liquid slags. The stabilities of these compounds decrease 
in the order given, MnO.SiO, being slightly and FeO.S:0, 
markedly less stable than CaO.SiO,. Hence, CaO can 
readily replace FeO from combination with SiO, 
CaO additions to acid slags will set free an appreciable 
proportion of the combined FeQ. MnO.SiQ, is much 
less affected by the presence of CaO, but in basic slags 
in which the CaO is considerably in excess of the MnO 
little MnO.SiO, should be 

The utilisation of slag-metal equilibrium data to throw 
light on the question of slag constitution is based on the 
following considerations :—It can be assumed that the 
relationships between slag and metal are governed, to a 
fairly close approximation at least, by the ideal solution 
laws. Thus, the distribution of FeO between the 
two media is known to be according to the partition 
been evaluate 
equilibrium constants for the various — slag-metal 
reactions. In practice, however, all such constants are 
usually expressed in terms of the total weight percentages 
in the slag and metal of the reactants involved. Masy- 
action requirements, of course, stipulate that only 
concentrations of chemically free reactants should be 
considered in evaluating equilibrium constants, but it is 
not generally possible to do this for slag and metal 
reactions, as there is no direct way of determining what 


©.g., 


present. 


law, while it has also possible to 
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proportion of any reactant is free. Only the total con. 
centrations as got from chemical analysis are available, 
Hence, only when no compound formation is possible 
in the slag—e.g., when it is composed of basic oxides 
only, will the constants so evaluated be true mass-action 
constants. (It is assumed as a working hypothesis that 
none of the reactants in the metal phase forms com. 
pounds.) When acid oxides are also present in the slags 
(assuming that stable compounds are formed) these 
* constants ”’ will no longer be true mass-action con- 
stants, and will, in fact, probably have values differing 
from those for simple basic-oxide slags. This is, of 
course, found to be the case. The FeO partition coefficient 
(denoted by the symbol Ly,» and expressed commonly as 
0) (FeO) (where the round brackets indicate the 
concentration in the slag, and the square brackets the 
concentration in the metal), is appreciably smaller for 
acid than for basic slags. This is in keeping with the 
view that all of the FeO in acid slags is not chemically 
free. A similar difference is found in the case of the 
slag-metal equilibrium constant for the manganese 
reaction—viz :— 
(FeO){ Mn). 

(MnQ) 
If this difference is wholly due to the presence of silicates 
of FeO and MnO in the acid slag, then, presumably, the 
true mass-action values of L,,.. and Ky,, will be the same 
for both types of slag. In applying these conclusions 
to the case of equilibrium between the metal and an 
acid slag, we can write : 


(FeO) = 


K.- 


(0) 
Ly.o 
where (FeQ) is the concentration of free FeO in the 
slag, |O} is the concentration of oxygen in the metal, 
and Ly.» is the true value of the partition coefficient. 
Thus, the concentration of free FeO in the slag can be 
calculated. From this, in turn (MnQ), the concentration 
of the free MnO in the slag, can be got, since : 
(FeO)| Mn}, 

Ky 
where {Mn} is the concentration of manganese in the 
metal, and Ky, is the true value of the manganese con- 
stant. The amounts of FeO and MnO combined as 
silicates are obtained by difference, and it is then 
possible, by trial, to evaluate the dissociation constants 
of the silicates. 

The above forms the basis of the method used by 
H. Schenck and his co-workers to study the constitution 
of acid and basic furnace slags.'®,'' Starting with the 
former type of slag, they evaluated dissociation constants 
for the silicates, and then used the information thus 
obtained to elucidate the more complex constitution 
of the basie slag. Their conclusions differ somewhat 
from those described above ; for instance, they deduce 
that the orthosilicates of manganese and iron are the 
principal silicates eccurring in acid slags. In basic sags 
they find evidence for the existence of calcium silicates 
(probably the metasilicate chiefly), calcium ferrites (of 
which the compound CaO.Fe,O, is probably the most 
important), caleium phosphates (probably the tetra- 
phosphate mainly) and manganese and iron ortho- 
silicates. All of these compounds are _ partially 

(Continued on page 248) 
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The Strain-Ageing of Killed 
Low-Carbon Steel 


By A Special Correspondent 


Many investigations have been made with a view to the determination of the causes of 
changes in the mechanical properties of steels that occur spontaneously with the passage 


of time after some kind of cold deformation. 


This phenomenon, known as strain-ageing, 


causes pressing difficulties, and efforts have been made to produce non-ageing steels 


that will overcome these difficulties. 


Reference is made to some of the work done, but 


particular attention is directed to some recent work on the subject which deals with the use 
of aluminium and particularly with titanium in killed low-carbon steels. 


UCH work has been carried out on steel with 

the object of seeking information on the change 

in mechanical properties that occurs spon- 
taneously with the passage of time, at either ordinary 
or elevated temperatures, after some kind of cold 
deformation. This phenomenon, known as strain-ageing, 
frequently leads to difficulties in pressing components 
from sheet or strip, especially under normal production 
conditions when some time may elapse between the 
rolling of the sheet and its use in the press-shop. An 
additional difficulty is the fact that the ageing pro- 
perties of different batches of sheet may vary consider- 
ably. To overcome these difficulties, so-called non-ageing 


steel has been made in large tonnages by the use of 


aluminium and by careful heat-treatment, but the pro- 
duct has not always been entirely satisfactory. 

The subject of strain-ageing of some low-carbon steels 
has been considered by Edwards, Jones and Walters,' 
and by Edwards, Phillips and Jones.? In the former the 
authors reported the results of an investigation on the 
influence of cold-work produced by tensile strains, 
followed by ageing at 250° C., upon the tensile properties 
of mild steel. Particular consideration was given to the 
effects of small amounts of cold work, such as are 
normally produced at the yield stress of normalised 
materials, and subsequent ageing upon the newly 
acquired yield-point. It was found that the yield-point 
after age-hardening is proportional to the yield-point of 
the material in the original condition. The possible 
influence of oxygen on strain-age hardening was con- 
sidered, but all the evidence indicated that this element 
has no effect when the specimens are strained under 
pure tensile stresses and aged at temperatures of, say, 
250°-300° C. An extension of this investigation, reported 
by the author, given in the second reference, concerns a 
study of the influence of some special elements upon the 
strain-ageing characteristics of low-carbon steels. It 
was found that the elements studied could be divided 
into two main groups—viz., those which show little or no 
tendency to combine with the carbon present in steel, 
such »s aluminium, « copper and nickel ; and those w hich 





al \. Edwards, H. N, Jones, and B, Walters. “A Study of Strain-Age- 
Har of Mild Stee 3 Journal Iron and Steel Institute (London), voi, 139, 
N “B41 P (1939). 

: \. Edwards, D, L. Phillips, and H. N. Jones. “ The Influence of Some 
Spec hKlemonts upon the Strain-Ageing and Yield-point Characteristics of 


» 


Low m Steels.’ Jowrnal Iron and Steel Inst, (London), vol, 142, No, 2, 


Pp. | (1940). 


show definite tendencies to form carbides, such as 
molybdenum, manganese, chromium, vanadium, nio- 
bium and titanium. The former increase and the latter 
diminish the extent of strain-age-hardening of low-carbon 
steels. From this work it would seem that when sufficient 
of one of the elements of the second group is added to 
combine with all the carbon present the material does 
not strain-age-harden. 

Hayes and Griffis’ claimed that titanium, as well as 
aluminium, was useful for making non-ageing steel. 
They showed that the ageing tendency of low-carbon 
steel containing titanium was eliminated when treated 
by normalising followed by at least 3 hours annealing 
at 650° C. and slow cooling. The ageing tendency being 
determined by means of the tensile stress-strain curve 
after straining and ageing, such a curve showing a marked 
break at the yield-point in the ageing steels, but being 
smooth in the non-ageing steels, the same as directly 
after straining. Because of this lack of recurrence of the 
yield-point, non-ageing steel does not suffer from 
“stretcher strains’’ in cold-formed sheets, and _ is, 
therefore, desirable for stamped or drawn parts. 

The cause of strain-ageing in low-carbon steels has been 
variously ascribed to oxygen, to nitrogen, or to carbon, 
and no general agreement on this question has yet been 
reached. Although progress has been made in the manu- 
facture of non-ageing steel, the problem is still complex 
Disagreement as to the cause of strain-ageing may be 
due to the use of different methods of testing adopted by 
investigators. In addition to the yield-point method,’, * 
loss by mmpect resistance,® 7 ® increase in Brinell 
hardness values,® and decrease of damping capacity,'®, " 
have been used for determining ageing. 

A more recent contribution to this problem is that of 
Comstock,‘ who makes ee reference to a study 


3 A, Hayes and R, O, Griffis. “* Non-Ageing Iron and Steel for Deep Draw- 


ing.” Metals and Alloys, vol. 5, No, 5, May, 1954, p. 110, 
4G, 4 Comstock, Amer. Soc Testing Materials, 1943, (Preprint 27.) 
5 it, N N. Daniloff, R. F. Mehl, ‘and C. H. Herty, Jr. “The Influence of 


Deoxidation on the Ageing of Mild Steels,’ Jransactions Am. Soc, Metals, 
vol. 24, No. 3, September, 1936, p. 595, 

6 W, Eilender, H. Cornelius, and H, Knuppel. “ Influence of Nitrogen and 
Oxy Be n upon Mechanical Ageing of Steel.”’ Archiv, fiir das Eisenhiittenwesen, 
vol. p. 507 (1935). 


7 i W. Graham and H. K. Work, “A Work-Brittleness Test for Steel.” 


Proe ecdings Am, Soc, Testing Mats., vol. 39, p. 571 (1939). 

8 A. B. Kinzel, “ The Specification of the Weldability of Steels." Welding 
Research Supplement, Journal Am, Welding Soc., vol. 6, No. 10, October, 1941, 
p. 483, 

9 S.A. Saveur and J. Burns. “A Method for Studying Strain Hardening 
Susce ptibility and Age a after Cold Work Deformation.” Metals and Alloys, 
vol, 4, No. 1, January, 1933, p. 6 
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of the effect of titanium on the strain-ageing of killed 
low-carbon steel. Six different methods of testing for 
susceptibility to strain-ageing were used in this work, as 
follows : 

1. Automatic plotting of the load-deformation diagram 
of a tension test, with a specimen first adequately 
strained, and then tested after a definite period of ageing. 
The elongation at the yield-point is an indication of the 
amount of ageing.?: * ° 

2. Determining first the stress required for 5° strain, 
and after a period of ageing, determining the yield 
strength. The amount by which the latter exceeds 
the former is a measure of ageing.* 

3. Determining the Izod impact resistance of a speci- 
men strained in tension 5%, first directly after straining, 
and secondly after a period of ageing. A decrease. is 
evidence of strain-ageing.® * ° 

4. The work-brittleness test, involving Izod impact 
test of specimens strained by cold drawing through a 
die.? ©. 
strain is varied, and the ageing factor may be introduced 
between straining and impact testing. 


5. Measuring the Rockwell hardness of Brinell 


impressions, some immediately, and some after an ageing 
period. ‘The increase in hardness should be a measure of 


, ‘ 
ageing.” 


6. Damping records of specimens strained 4% in 
tension, made 15 mins. and 7 days, respectively, after 
straining. The decrease in the latter value below the 
former indicated the degree of ageing.’ "™ 

Methods 1, 2, and 6 were found generally to classify 
steels in about the same way regarding strain-ageing, 
while methods 3, 4 and 5 classified them quite differently. 
These two groups of test methods evidently determine 
different kinds of strain-ageing, which should be dis- 
tinguished in any discussion of the subject. 

The steels used ranged in analysis from 0-022 to 
0-135°, carbon, 0-16 to 0-56°%, manganese, 0-002 to 
(23°, silicon, 0-0033 to 0-0196°, nitrogen, and also 
contained about 0-015°, phosphorus, about 0-035°% 
sulphur, and up to 0-705% titanium. Manganese and 
silicon were added to all heats after melting, so that all 
the steel was killed and the ingots were sound. Titanium 
was added in the form of 40°, low-carbon ferro-titanium 
containing about 7°, of aluminium. 

All steels were melted in a basic-lined 17 Ib. induction 
furnace and each heat poured in a single ingot about 
2-5 in. square. Most of these ingots were forged to § in. 
round bars, but some were forged 43 in. square. When 
heat-treatment was used the bars were heated before 
machining. Normalising was for 1} to 2 hours at 900 
to 930° C., followed by cooling in still air, and annealing 
was for 6 hours at 626° to 644° C., followed by slow- 
cooling in the furnace, the higher temperatures being 
used for the lower-carbon steels. 

Effect of Aluminium 

Data obtained from steels without titanium additions 
are reported in Table I. Some of these steels were 
deoxidised merely with manganese and silicon, while in 
others various amounts of aluminium were also used. 
These results show that all the aluminium treated steels 
had a well-marked yield-point, whether normalised or 


=o Damping Capacity 
. January, 1938, p. 54 

nunt for Measuring Lnternal 
WW, March, 1939, p. 77 


Using a tapered specimen, the amount of 
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annealed, in the strained condition after ageing either 
3 weeks at room temperature or for 1 hour at 228° (. 
Thus, aluminium was not found to be effective in 
eliminating this kind of strain-ageing. In the higher 
carbon steels, however, such as Nos. 4, 6, and 8, when 
annealed, strained, and aged at room temperature, the 
yield-point was defiritely less well marked when the 
steels were deoxidised with aluminium than in similar 
silicon-deoxidised steels, such as Nos. 2 and 3; and was 
also less well marked in the higher-carbon steels than in 
lower-carbon steels similarly treated with aluminium. 
Thus, under the particular conditions of this investiva. 
tion, aluminium oxidation was found to reduce the 
yield-point elongation, although it did entirely prevent 
the return of the yield-point on ageing after straining. 
The damping capacity tests also reveal a slight but 
appreciable effect of the same nature, due apparently 
to the differences in carbon content. 

With the hardness and impact tests reported, the steels 
deoxidised with aluminium show, with few exceptions, 
less ageing after straining than those less thoroughly 
deoxidised. The improvement due to the use of alu- 
minium is especially well marked with the annealed 
specimens, which supports, in some measure, the reports 
of other investigators that strain-ageing is prevented by 
strong deoxidation with aluminium. Such a conclusion 
should be restricted, however, to the kind of strain- 
ageing indicated by impact and possibly hardness tests, 
and is not applicable except in a very limited and incom- 
plete manner to the kind revealed either by damping 
tests or by the nature of the yield-point, at least in these 
steels made on a laboratory scale in bar form. 


Effect of Nitrogen 

Some evidence on the effect of nitrogen can be derived 
from the data in Table I, since steel No. 1 was found to 
contain 0-012%, steel No. 2 to contain 0-008%, and 
steel No. 3 to contain 0-011°% nitrogen. No correlation 
can be found between these values and the strain-ageing 
data in the table, although there is some slight correla- 
tion between the data and the manganese and silicon 
cortents. This seems to indicate that deoxidation has 
more influence on strain-ageing than nitrogen. 

The data reported by Comstock‘ in Table II mainly 
concerns the effect of nitrogen on steels deoxidised with 
aluminium and containing various amounts of titanium. 
The data are grouped in such a way as to minimise the 
effect of variations in titanium content. 

The only possible conclusion from the data in Table Il 
is that in these killed steels nitrogen has no effect on 
strain ageing This applies both to the kind of ageing 
shown by the form of the yield point and by the damping 
tests, as well as by the kind shown by impact tests, but 
it must be clearly restricted to killed steels, made on a 
laboratory scale, and with soluble nitrogen contents 
below 0-015%,. 

All the steels in Table IT are practically non-ayeing 
by impact test methods, but all but one are definitely 
ageing by the yield point method. The exception, No. 15, 
shows the least ageing by the damping test method, but 
the most by the impact test method. Although this steel 
displayed no yield point when tested in the annealed 
condition after straining and ageing at room tempera- 
ture, it had a very definite yield point when not annealed, 
or evep when an annealed specimen was aged for | hour 
at 230° C. Its high carbon content should be noted, and 
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this is believed to be the chief reason for the apparent 
lack of ageing of the annealed specimen at room tempera- 

Steel No. 20 was somewhat similar, and also 
4 and 6 in Table I. 


ture 
No: 


Effect of Titanium on Strain Ageing 

The chief object of this investigation by Comstock‘ 
was to check the claim of Hayes and Griffis* as to the 
usefulness of a small titanium content in non ageing 
steel, and as will have been noted, the results from steel 
No. 15 seem to support their statement in a limited 
fashion. Despite many attempts, however, that steel 
could not be duplicated so as to show similar low-ageing 
characteristics, steel No. 20 in Table II being one of the 
nearest approaches although much higher in titanium. 
As a result of the work of Edwards, Phillips and Jones,? 
however, which showed how high-titanium contents in 
low-carbon steel would eliminate the yield-point and 
ageing, Comstock* extended his investigation to include 
steels of 2 similar nature. The corclusions of that paper 
were found to be well supported by his results, and with 
no difficulty in reproducibility. This is indicated by the 
dat. on ri higher titanium steels in Table III. The 
results of work-brittleness tests? on these steels are 
reported graphically in Fig. 1. 

Table III shows very definitely that only the high- 
titanium steels with titanium-carbon ratio above 4-5 
exhibited. no yield-point elongation after straining and 
aeing, and this is true whether the steels were tested 
in the normalised or annealed condition, and irrespective 
of aluminium additions or nitrogen contents. The 
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Fig. 1.—Work-brittleness tests of titanium steels. 
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damping tests also showed 
those steels to be practically 
non-ageing in comparison 
to the lower-titanium steels. 
These characteristics were 
evidently governed by the 
titanium-carbon ratio ; and 
whether this ratio was very 
low or just below 4-5 made 
little difference. The change 
in ageing susceptibility was 
thus not a gradual change in 
the series of steels, but 
occurred sharply as the 
titanium-carbon ratio rose 
to 4-8 or higher. 

None of these steels 
showed appreciable ageing 
by the impact test method, 
but some of the high- 
titanium steels gave low 
impact values. Steels Nos. 
26 and 30 gave these low 
values only when not aged, 
and had excellent impact 
resistance after ageing; 
steels Nos. 29 and 31, how- 
ever, gave no high impact 
values, and it is interesting 
to note that these two 
showed slightly more ageing 
by the damping test thar 
the other four high-titanium 
steels. The ferrite grain 
sizes of the specimens were 
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TABLE II 
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Ageing for the dan pring 
determined to throw light on the variations in impact 
results, and all the high titanium steels were found to 
be coarser grained than the low titanium steels that 
had distinct yield-points. Their impact values, how- 
ever, could not be correlated with the grain size. 

The work brittleness tests reported in Fig. 1 show 
rather irregular results. Steels Nos. 24 and 25, with 
titanium-carbon ratios just below the critical value, and 
possibly No. 30, are the only steels that seem to exhibit 
ageing by this test. These curves prove that many steels 
may give good impact values and apparently no ageing 
after only 2°, strain, while the results may be entirely 
different by the impact method of testing for strain- 
ageing if 5°,, or more strain is applied. 

The results reported in Table III were checked by 
slightly different tests on a few additional steels of 
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similar nature, and these 
later results are shown in 
Table IV. In this work. 
straining only 2°% and aye. 
ing 16 hours at 200° C. was 
tried, as has been specified 
by Kinzel® for determining 
strain-ageing, but was found 
to be definitely unsatisfac. 
tory, not only for straining 
by cold-drawing, but also 
for tensile straining. The 
entire gauge length of many 
tension test specimens was 
not deformed when the 
strain was restricted to only 
2% elongation, so that part 
of it remained in the un- 
strained condition and 
would, therefore, show a 
yield-poirt after ageing even 
if the steel were actually of 
non-ageing character. 

The results in Table IV 
support those previously re- 
ported in indicating practi- 
cally non-ageing quality in 
those steels having a 
titanium-carbon ratio 
above 5. Steel No. 35 seems 
in a slight degree excep- 
tional, but the 0-2°%, yield- 
point elongation found on ageing at high temperature 
was barely appreciable and may perhaps be con- 
sidered as within the experimental error. Less than 
2% increase in yield strength due to ageing is also 
probably negligible and within the experimental error. 
Steel No. 32 shows considerable strain-ageing by every 
method, in spite of a small titanium content, but its 
low manganese and silicon content indicate that it was 
probably more highly oxidised in melting than the other 
steels. The comparison of this steel with the others in 
Table IV furnishes additional support to the conclusion 
that deoxidation is important in preventing strain- 
ageing of the kind revealed by impact and hardness tests, 
but steel No. 33 shows that it is not sufficient for pre- 
venting the kind of strain-ageing shown by the yield- 
point methods. 
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Effect of Titanium on the 
Tensile Properties 

ROOM TEMPERATI 
Further tests were carried 
out to determine whether 
titanium above 4-5 times 
the carbon content would 
not eliminate the yield-point 
of steel even if it were not 
heat-treated or strained, and 
also if the carbon content 
were somewhat higher than 
in the titanium steels tested 
so far. Another point of in- 
terest was the effect of soak- 
ing the ingots at a high tem- 
perature, as would be done in 
large-scale commercial prac- 
tice, on the yield-point ar d 
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ageing properties of the high- 
titanium steels. For this 
purpose two additional 
series of titanium steels 
were made, both series in- 
cluding steels of 0-12 to 
(-135° carbon as wellas of 
lower carbon. One series of 
ingots was heated as usual 
to about 960° C. before forg- 
ing, and the other series was 
soaked for several hours at 
about 1,070° C. according to 
usual soaking-pit practice. 
The analysis of these steels 
are given in Table V. The 
aluminium additions vary 
because all the ingots were 
net made at the same time, 
but in titanium steels such 
variations in aluminium 
treatment are of minor im- 
portance, a3 far as the pro- 
perties of the stee! are eon- 
cerned, and may safely be 
disregarded here 

The ingots were forged to 
tip. round bars and all 
were finished at about the 
same temperature. Only ten- 
sion specimens were made 
from these bars, and all 
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Load-deformation diagrams of as-forged 
specimens. 
curves are shown for the same steel, the upper left one represents 
and aged specimen, The other curves represent specimens without 
straining. 
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STRAIN AGEING DATA ON NORMALISED AND ANNEALED TITANIUM STEELS. 
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TABLE VI, 
TENSION TESTS OF AS-FORGED SPECIMENS, 
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Elongation, °,. 


Total in 
6 in 


16-3 


22-0) 


rABLE VII. 
rENSION TESTS OF AS-FORGED SPECIMENS STRAINED AND AGED. 
After Straining and Ageing. 
Yield Stress 
Ratio, Strength for Yield 
Steel ritanium before 5% Strength Drop Tensile At Yield 
to Straining, Strain, (from of Ream, Strength. Point 
Carbon. psi. psi Fig. 2), psi. psi. in 4-5 in. 
psi 
STEELS WITH 0-02 TO 0-045%, CARBON, INGOTS NOT SUPERHEATED. 
No. 38 0 16,500 16,500 54,800 57,400 2-3 
No, 39 1 39.500 43.100 54,000 59,700 2-1 
No. 40 2 2 16,500 47,800 55.000 55,500 55.800 5-3 
Ne 1! i-4 4 S007 7,200 Sooo 55.100 “ 
STEELS WITH 0-02 TO 0-045%, CARBON, INGOTS SUPERHEATED, 
No. 4 fo Slow Ss00c0 os ,600 dS .600 2-7 
No. 45 1-4 SR S00 te 57.000 57.800 GO 000 2? -6 
No, 44 ae | 52 800 oye 4.600 O4.600 y 
No, 45 et 19 ROY 57.900 57.800 61,6007 62,100 ” 
STEELS WITH 6-12 TO 0-135°, CARBON, INGOTS NOT SUPERHEATED 
No, 46 4 53.800 61,000 72 300 80500 
No, 47 1-7 58.900 64,300 73.000 77.600 
Ne 1X I+s 61500 ee 9 80000 
No. 49 5-0 29.4007 53,500 b3,200 56.000 62 700 -3 ? 
' 
STEELS WITH © -12 TO 0-135°%, CARBON, INGOTS SUPERHEATED, 
No, 0 5s 500 63,700 78. l00 
No, Ol ’ Sooo 64,500 72 oo 74,500 : 
No, 32 l-¢ 1k S00) 19,900 62100 67.500 2-4 
No, & B+N 58.300 67.900 81.500 ? 
No. 34 5-2 D2 ny 64.000 oo200 68 500 O°55 


containing 0-12 to 0-135°% carbon, were aged at room 
temperature for 3 weeks and also at 230° C. for 1 hour 


before testing. 


The results recorded for the as-forged test specimens 
are given in Tables VI and VII, and most of the load 
deformation curves are reproduced in Fig. 2 
omitted were from strained and aged bars, and were 
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more or less _ inaccurate 
either because the speciiuen 
broke outside the points 
where the strainometer was 
attached, or because the 
load-scale used for the dia- 
gram had to be different 
because of excessive 
strength, so that the pre. 


cision of the curves was 
poor. All the ductility 
values in the tables are 


given as %, of the original 
length or area, except for 
the reductions of area of the 
strained and aged specimens 
which, like the stress values 
of the same specimens, were 
valculated on the basis of 
the cross-sectional area 
after straining. 

The two spegimens from 
the middle portion of each 
bar. were normalised for 1} 
hour at 925°C. and then 
tested in the same way as 
the as-forged specimens, one 
without preliminary strain- 


ing and the other after 
straining and ageing. The 


results are given in Tables VIII and IX, and Fig. 3. 
The two specimens from the end of the forged bar 


made from the bottom of each ingot were normalised 


2. Those 











BLE IX, 
1D SPECIMENS STRAINED AND AGED 
ter Straining and Ageing Elongation, ° 
eld 
ngeth Drop of Pensile At Yield 
om Ream, Strength, Point Total 
3), psi psi. in 4-5in in Gin, 
wi 
CARBON, INGOTS NOT SUPERHEATED, 
sow 18.600 57.500) 1-4 
ne 19.600 6000 1-65 
ao iv.loo 56,500 1-¢ 
00 11,300 is, 400 O55 
"4 CARBON, INGOTS SUPERHEATED, 
S00 18.600 57,600 1-4 240 
sO 16,100 57.000 1-65 25-2 
A 17.300 D4 em l o 2u-S 
loo i740 ” 32 -2 
CARBON, INGOTS NOT SUPERHEATED 
too wn) 79.500 3-05 Od 
oe mw 6s) 2-7 
son “70 79.800 ”-3 
om 57 S00 ” 
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21M) Dao hm 2.1 23 
eee Sey 62 lw 1-75 You 
une Heme e700 oa 22 -7 
ne 5 Me 7S. leo ” “-3 
wee rine rae.) 


Redue- 
tion of 
Ares, 





i 
tit 

i 
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Sans 


14 hour at 928°C. and annealed 6 hours at 640°C., 
followed by slow cooling in the furnace. They were then 
machined and tested in the same way as the others, one 
from each ingot without preliminary straining, and the 


other after straining and 
ageing. The results are 
given in Tables X and XI, 
and Fig. 4. 

From the results of this 
investigation it is concluded 
that with at least 4-5 times 
as much titanium as carbon, 
steels with less than 0-045°, 
carbon, or with 0-12 to 
0-135%, carbon, have yield 
strengths generally much 
lower than similar steels 
without titanium, and also 
have better ductility. The 
difference in tensile strength 
between the two classes of 
steel is generally less than 
the difference in yield 
strength, and is very much 
when tests are made 
with specimens not previ- 
ously strained and aged. 
Furthermore, the _ high- 
titanium steels do_ not 
have a distinct yvield-point 
whether in the as-foryed, 
normalised, annealed, or 
aged condition. ‘These 
characteristics should m ke 
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TABLE VIII. 

TENSION TESTS OF NORMALISED SPECIMENS. 
— suspense pinhaanamensaraginaiatanintnigngtenD — 
Yield Yield Elongation, %%. 


Ratio Strength | Point Tensile Reduction 
Steel, Titanium (from | by Drop | Strength, of Area, 
to Fig. 3), | of Beam psi. At Yield! Total ~.. 
Carbon. psi. psi. Point in | in 6 in, 
4-5in. 


STEELS WITH 0-02 TO 0-045°%, CARBON, INGOTS NOT SUPERHEATED, 








Ne. 38 ... 0 35,200 36,300 50,000 4-45 28-0 78-9 
No, 39 1) 100 36,100 49,400 4-65 33-3 81-6 
No, 40 2-2 34.000 34,100 18,600 1-35 29-2 79-4 
Ne, 41 i-4 33.400 18.900 0 9-7 86-1 


STEELS WITH 0-02 TO 0-045°, CARBON INGOTS SUPERHEATED, 





No. 4 ” S5t 33.100 W100 1-15 31-7 79-2 
No. 4 1-4 26,200 2Rioo 16.900 2-7 33°3 85 

No, 44 2-1 34,000 34,100 Ik,200 1-05 31-7 79-2 
No, 45 au 15.500 15.000 0 27-5 SS-7 


STEELS WITH 0-12 To 0-135°, CARBON, INGOTS NOT SUPERHEATED, 


No, 4 O-4 51.000 51.000 69,600 3-9 25-0 69-0 
No, 47 1-7 16,000 16,400 59,900 1-4 27-0 | 73-0 
No, 48 3-8 £8,200 18,900 66,000 3-5 22 -@ 1-4 
No, 49 5-0 21,000 - 56,300 0 23-2 | 79-6 


STEELS WITH 0-12 TO 0-135°, CARBON, INGOTS SUPERHEATED, 
! 
S8.000 


BR.900 5R.800 





No, Oo. s 0 |} 28-7 
5 O-3 39,800 | 40,100 56,200 | 28-5 
52 1-6 14,700 44.800 59,400 | 26-7 | 
53 3-8 34.200 35.200 5.000 24-4) | 
No, 54 5-2 20400 pe 53.000 25-7 | 
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Deformation, in. 


Fi, 3.-Load-deformation diagrams of normalised 
specimens. 

n urve of each pair represents a strained and aged specimen. The curve 

right, in each pair, represents a specimen not strained pefore testing. 
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the high-titanium steels very attractice as a material 
for sheets that must be formed by deep drawing, 


8 


8s 


form * 


ince with a low yield strength and high ductility they 
hould be easily formed, and it should be impossible to 
stretcher-strain ’’ markings in them if no definite 


yield-point occurs. 


Another advantage for the high-titanium steel is that 


annealing does not seem to be necessary. It will be noted 
by comparing Tables VIII and X, or Tables IX and XI, 
that all the properties of each class of normalised high- 
titanium steel compare very favourably with the pro- 
perties of the corresponding non-titanium steel in the 


normalised and annealed condition. 


Since annealing is 


not required with high-titanium steel to give it a low 
enough yield strength, or sufficient ductility, or to make 
it non-ageing -with respect to the yield-point, this step 


n 


1ight be omitted in processing such sheets with con- 


siderable economy. 


times the 


p 


Since the results obtained with titanium at least 4-5 
carbon content have been shown to be 
ractically the same with carbon below 0-045% as with 


carbon from 0-12 to 0-135°%, and to agree with results 
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Fig. 4.— Load-deformation diagrams of normalised 
and annealed specimens. 

The left curve of each pair represents a strained and aged specimen. The curve 

to the right, in each pair, represents a specimen not strained before testing, 
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been reported 
with inter- 


that have 
previously 
mediate carbon contents, 
there little doubt 


that these conclusions apply 


Yiek 
seems ; 
Pitanium 
to Carbon 


generally to all steels with psi, 


carbon contents at least up 
to 0-135%. 
So far as ageing is con- 
obvious that 
high - titanium 
have a dis- 


cerned, it is 
the 

steels do not 
tinct yield-point 
forged, the absence of 
change in the character of 
their yield-points on ageing 
after cannot be 
used as evidence of non- 
ageing quality. The data 


in Tables VII, IX, and XI, 


since 


even as 
straining 


on the ageing of these a 
steels by showing the 
increase in stress value be- 
tween straining 5% and 
the yield strength after 
straining and ageing. Any 
such increase could only be 
the result of ageing. 

The tension test results reported above confirm the 
statements by Edwards, Phillips and Jones,’ tha‘ 
titanium contents sufficient to combine with all the 
carbon in low-carbon steel not only prevent strain-ageing 
as shown by the form of the yield-point, but also eliminate 
the vield-point of the steel. Such steel, with a titanium- 
carbon ratio above 4-5, seems to be a fundamentally 
different material from ordinary killed low-carbon stee] 


rARLE X 


TENSION NORMALISED AND ANNEALED SPECIMENS 


PESTS OF 


Elongation, ° 


Yield 


Strength 


Yield 

Point Pens ile 
(from by Drop | Strength, 

Pig. 4), (of Beam psi At Yield) Total 
pat psi Pointin | in 6in 

1-Sin 


tedduction 
of Area, 


5°, CARBON, INGOTS NOT SUPERHEATED, 


woe 16,300 
Siow 16.800 
1.300 15.800 


4700 


LS WITH Ut? O45", CARBON, INGOTS SUPERHEATED, 


11.000 16400 
26.000 Hilo 
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15.100 
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Ratio, | Strength 
before 
Straining, 


STEELS WITH (+02 


31.400 


18.600 


STEELS WITH 0-02 To 0 -045* 


32 500 
28,000 
29.000 
18,6007 


STEELS WITH 0 


17.400 
i? ow) 
16,700 


however, throw some light “ag r 22 "2007 
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TABLE XI, 


rENSION TESTS OF NORMALISED AND ANNEALED SPECIMENS, STRAINED AND AGED, 


| 


After Straining and Ageing. Elongation, °, 

? ‘ : . Re 
Yield tior 

Strength Drop of Tensile At Yield Ar 
(from Beam, Strength, Point Total © 
Fig 4), psi. psi. in 4-5in, in 6in. 


psi. 


| 


ro 0-045°, CARBON, INGOTS NOT SUPERHEATED. 


49,100 
53,100 
Ik. 800 
417.500 


413,500 
46,300 
44,300 


12.800) 
15,900 
$3,500 


40,100 


», CARBON, INGOTS SUPERHEATED, 


413,700 19,700 1-6 
13,600 52 500 
17 600 
47.800 


37,400 42 800 
34.700 13,100 
35,800 41,300 #2 000) 


37,600 38,500 


TO 0-135°%, CARBON, INGOTS NoT SUPERHEATED, 


59300 598.700 
57.40) 


66,000 


4.800 
63,300 
71100 
58000) 


56,700 
65.400 
ob 500 


STEELS WITH 0-12 TO 0-135°, CARBON, INGOTS SUPERHEATED, 


58,000 
56,600 
61.000 
4.900 
55.000 


51,500 
18.600) 
4000 


57,700 


12 800 
5.800 
mon 


19,000 58 500 


13.800 16,000 


or steel treated with small amounts of titanium or 
aluminium or both. In yield characteristics it resembles 
a non-ferrous alloy. This is true of the steel in the as- 
forged condition as well as after heat-treatment, whether 
superheated before forging or not. It also applies to 
steels with any carbon content at least up to 0-135%. 
All of the evidence so far acquired on these steels has 
been derived from bars cx rods made on a small laboratory 
scale, however, and confirmation in large-scale com- 
mercial practice, or on steel rolled to sheet form, has not 
yet been established. 

With those limitations understood, this work supports 
the conclusions of Edwards, Phillips and Jones that the 
cause of the kind of strain-ageing revealed by the yield- 
point method, as well as the cause of the yield-point 
itself, is carbon dissolved in ferrite. Elimination of 
dissolved oxygen alone apparently has very little effect 
on that kind of strain-ageing, although oxygen probably 
is the cause of the kind shown by decrease in impact 
values. 


The Impact Strength of Ordinary and 
Special Steels at Sub-Zero Temperatures* 


THe ideal curve for the impact strength as a function 
of temperatures of a pearlitic steel has an S-shape. 
Curves determined for chromium-nickel-molybdenum 
and chromium-molybdenum steels, as influenced by 
heat-treatment, grain size, striking velocity and type 
of specimens showed highest values at ordinary tempera- 
tures and lower values at low temperatures. Chromium- 
nickel steels gave slightly lower values. Manganese- 
molybdenum steels, containing manganese 1-42 and 
molybdenum 0-17°%, showed lowest values at ordinary 
temperatures, but were as good as the chromium-nickel 
steels at —60° when heat-treated properly. 


* Adolfo Antonioli, Atti accad. Ltalia, Rend, classe sci. fis., mat, nat, 2, 361-01 
(1941); Chemg Zentr,. 1942, I, 2188, 
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Some 


Gallium : 


METALLURGIA 


of its Properties 


By L. Sanderson 


Gallium is among the most scarce of the rare metals ; although it is widely distributed 


in the earth it is only present in small quantities. 
brief reference is made to the method of obtaining the pure metal. 


Its properties are discussed, and 
Its industrial uses 


are few, but future discoveries may change this position and bring it into line with 


many other 


—_—-~ 


T was not until the year 1875 that a French chemist, 
| Lecoq de Boisbaudran, discovered a new metal to 
which was given the name “* Gallium.’ Boisbaudran 
was an intelligent man who had theories of his own 
concerning the spectra of the elements. He had noticed 
that the spectral lines of the incandescent vapour of the 
various members of a family of metals are repeated with 
the same general arrangement, exhibiting regular 
variations. When he came to the aluminium family of 
metals, he discovered a peculiar “ missing link ’’ lying 
between indium and aluminium. If such a missing link 
could be shown to exist, its properties should, he 
suggested, lie between those of the two metals named. 
Gaps in the chain of elements are a challenge to the 
chemist, and the Frenchman began at once, by means of 
the spectroscope, to try to find the missing metal whose 
place was vacant. Conditions under which he worked 
were not exactly favourable, and for five years all his 
work proved fruitless. In 1868 he amassed a quantity 
of zine blende at Pierrfitte in the Pyrenees so as to carry 
on his inquiries a stage further, but he did not resume 
work until 1874. Twelve months or so later, on the night 
of August 27-8, 1875, to be precise, he had the thrill of 
discovering that. the vacant place belonged to a new 
metal. The name “ gallium ” was given to it in honour 
of France, from the Latin name of France— Gallia. 

Boisbaudran had, as has been stated, a shrewd notion 
of what the properties of the new element were likely 
to be, but he did not attempt to publish his forecasts, 
preferring to present them to the world as ascertained 
facts rather than suppositions unchecked and unproved. 

During this period, Mendeléeff was studying the 
periodic law, and to justify his declaration that a number 
of gaps in the periodic table could be filled up by un- 
known elements, he declared that the vacant space 
below aluminium must belong to an unknown element, 
to which he gave the name of eka-aluminium. He stated 
publicly what properties this element should have, and 
was able to show that gallium possessed them. 

Gallium is among the most scarce of the rare metals, 
although it is widely distributed throughout nature 
in extremely small quantities. It is a metal of greyish 
tint, somewhat like steel, with a greenish-blue reflex. 
On heing melted, it presents an appearance indis- 
tinguishable from tin or silver. The metal crystallises 
in bipyramids probably belonging to the monoclinic 
system or the tetragonal system. 

Its specific gravity appears to be in the region of 
5885 when solid and 6-081 in the liquid condition. It 
is not very malleable. For a time it can be spread 
under the hammer, but quickly embrittles, fracturing 
in thy direction of the crystalline cleavage on shock or 


rare metals. 


when suddenly bent. Its compressibility is, when in its 
state of maximum purity, 2-09 x 10° per unit vol. 
per megabar, at 30°C. The melting point may be taken 
as 30°C. This means that it may be melted by merely 
holding it in the hand. The boiling point of the metal 
is 1,700°. In the molten condition it adheres readily to 
glass, so that it can be employed to provide mirror 
surfaces, which are said to be even superior to those of 
mercury type. 

The specific heat is 0-079 between 12° and 23°C. 
when solid, and between 12-5 and 119° C. in the molten 
condition it is 0-082. The atomic heat of the solid is 
5-52 and for the liquid 5-59. The latent heat of fusion 
is 18-5 cals. per gram. 

Certain chemical properties of the metal should also 
be noted. It is not affected in lustre by the atmosphere, 
but is attacked by chlorine, bromine and iodine. It can 
be dissolved slowly in hydrochloric acid, cold or hot, 
hydrogen being given off as a result. It goes into solution 
in nitric acid also, while there are other solvents, It 
readily forms amalgams with certain metals such as 
mercury, cadmium, aluminium, platinum, indium, ete. 
The atomic weight is given by the International Table 
as 69-9. The atomic number is 31. 

It forms two classes of compounds in which it acts 
as a divalent and trivalent element respectively, but 
few gallous compounds are known. Gallous ox'de 
appears to form when gallic oxide is reduced in hydrogen 
at a red heat. Gallous chloride (GaCl,), a white, crystal- 
line, deliquescent solid, exhibits normal vapour density 
at 1,000°C. Water decomposes it, forming gallic 
chloride, gallic hydroxide, and hydrogen. 

The principal production of the metal was carried 
on in Germany. No figures are available. The principal 
use is for dental fillings, quartz thermometers and optical 
mirrors. 

A brief indication of how the metal is obtained in 
pure form is given. The zine blende containing the 
element is treated with insufficient aqua regia to effect 
complete solution, and the solution is then filtered. To 
this zine is added to precipitate copper, lead, etc. The 
clear filtrate from this precipitate is then boiled with 
excess of zinc. This lead to the precipitation of a highly 
impure gallic hydroxide, which is dissolved in hydro- 
chloric acid, and the solution saturated with hydrogen 
sulphide. Any precipitate is filtered off. To the filtrate, 
ammonium acetate is added, together with some acetic 
acid, and this liquid precipitated fractionally by hydrogen 
sulphide until the liquid is freed from gallium when 
tested by the spectroscope. The precipitate is washed, 
dissolved in hydrochloric acid, and the gallium again 
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precipitated as the hydroxide by the zinc method as 
above. 

After some further purification, the oxide is dissolved 
in potassium hydroxide and the metal obtained by 
electrolysis. It is deposited at the cathode, and the 
current density should be much higher at the cathode 
than at the anode. Platinum electrodes are employed. 

Gallium occurs in many zine blendes—e.g., those of 
Sweden and Saxony, Cumberland and Spain, America, 
Sardinia and Australia. It is also found in zine residues 
after zine distillation. It is found in about a third of the 
world’s iron ores; in metallic iron; in blast-furnace 
flue dusts; in aluminium in china clay and 
bauxite ; in commercial alum; in germanite, meteoric 
iron, and the sun and stars. 

Gallic oxide is a white solid formed by heating the 
nitrate, sulphate or an alum. It is capable of solution 
in strong acids (unless it has been subjected to intense 
heat), forming salts, and in alkalis, even ammonia. 
The hydroxide Ga(OH), is formed as a white, gelatinous 
precipitate on adding an alkaline hydroxide to a soluble 
salt of gallium. It is soluble in excess of alkali, and also 
in acids, forming gallic salts. 

Gallic chloride, GaCl,, is a white, crystalline, hygro- 
scopic solid, with a melting point of 75-5 and a boiling 
point of 215° (approximately). Its vapour density 
agrees nearly with the formula Ga,Cl, at 273°, with 
GaCl, at 445°. It exhibits slight dissociation about 
1,000°. It is highly soluble in water, and the solution 
undergoes hydrolysis. In short, it bears a great re- 
semblance to aluminium chloride. The sulphate Ga,(SO,), 
is highly water soluble. When heated, this solution 
produces a precipitate of the hydroxide, which re- 
dissolves on cooling. It forms alums. The nitrate 
Ga(NQ,), is highly deliquescent. 

The ferrocyanide Ga,(Fe{CN)},), is important for the 
reason that it is precipitated from solutions containing 
gallium in presence of acid. When the salt is heated in 
air, it gives Ga,O, and Fe,Q,. 

The potential of gallium lies apparently between 
indium and zinc, but gallium is distinctly more difficult 
to precipitate than zine. It is one of the few elements 
that expand on solidification, bismuth being another. 
The cubical coefficient of expansion of the liquid is 
approximately 0-000055 per °C., but the metal is 
incapable of employment in thermometers because it 
wets glass. Probably the simplest method of separating 
gallium from indium and zinc is by fractional crystallisa- 
tion of the cesium alums. The metal cannot be separated 
by electrolysis of sodium hydroxide solutions in the 
presence of nitrates. 

At the present moment it would be difficult to say 
that gallium is a metal of primary economic importance. 
Its industrial uses are relatively few, and its production 
cannot heve attained a high figure. At the same time, 
the history of the rarer metals is replete with instances 
of discoveries that have given a new and _ sustained 
importance to relatively unknown elements, and it is 
by no means impossible that gallium at some future 
date should be put to important use. 


ores ; 


The Directors of Vickers, Ltd., advise that an interim 
dividend of 4°, (actual), less income tax, on the Ordinary 
Stock of the company in respect of the year 1943 will 
be paid on October 21, 1943. 
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Mr. Frank S. Russell 

Tue death took place at Cheltenham, on September 8. 
after a long illness, at the age of 65, of Mr. Frank Scott 
Russell, F.R.S.A., F.G.S., a well-known industrialist. 
At one time he was chairman of General Refractories, 
Ltd., manufacturers of refractories. He played a part 
in the development of a vital war industry—the produc. 
tion of sea-water magnesite. On his removal to Chelten. 
ham from Sheffield he began the Forest of Dean Stone 
Firms, Ltd. ; one of his desires in recent years being to 
develop the industries of South Wales. 

He was chairman of London and Sheffield Publishing 
Co., Ltd., being the founder, in 1925, of The Refractories 
Journal (the official organ of the Refractories Association 
of Great Britain), being also instrumental in founding 
Claycraft (the official organ of the National Association 
of Clayworks’ Managers) and Cement, Lime and Gravel 
(which incorporates The British Limemaster). He was 
also chairman of The British Steelmaker, Ltd., and 
founder of The British Steelmaker. 

Mr. Russell was born in Hull in 1878, and began his 
business career with Walker and Hall, Ltd., silver- 
smiths, Sheffield, and later entered the Refractories 
Industry. In 1913, the General Refractories Co., Ltd. 
(Mr. Russell being one of the founders) was estab- 
lished. Later this Company was the principal unit in 
the amalgamation of a number of Companies, and became 
known as General Refractories, Ltd., with Mr. Russell as 
chairman. 

He was a founder and a past-president of the Refrac- 
tories Association of Great Britain and also of the 
National Association of Clayworks’ Managers. He was a 
past-president of the Institute of Quarrying, and 
connec ed officially with several other associations. 


The Physical Chemistry of Open-Hearth 
Slags 
(Coniinucd from page 238) 

dissociated, so that various amounts of the free oxides 
also occur. Their method is, however, somewhat “rough,” 
in that they express all slag concentrations as weight 
percentages, whereas molar fractions are undoubtedly 
preferable, though adding very considerably to the 
labour involved in calculating the constants. To com- 
pensate for this they fall back in some cases on thermo- 
chemical criteria for confirmation. 

An entirely different concept of slag constitution has 
been put forward by Herasymenko,'* who believes that 
the slag eompounds undergo complete dissociation of an 
ionic type in the liquid slag in the same manner as do 
most salts on melting.t McCance,'* on the other hand, 
has suggested that the variations observed in the values 
of the slag-metal constants may be due mainly to 
changes in the activity coefficients of the reactants 
brought about by changes in slag composition. The 
methods described above depend on the assumption 
that such influences are of secondary importance only. 
In view of the magnitude of the composition changes 
involved, this would appear rather a considerable 
assumption to make, and its final justification will depend 
entirely on the extent to which methods of this kind 
can interpret the behaviour of the liquid slag. 

Faraday Society, VSS, vol, M4, 


i? Herasymenko, Transactions of the 


p. Lets 
13 MeCance, “ ‘The Application of Physical Chemistry to Steelamking 
The lron and Steel Institute, 1938, Special Report No, 22, p. 331. 

+ As moulten slags appear to have appreciable ekctrical corductiv ty 
probable that some dissociat ion of this type dees cccur, 
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Direct Cooling Process for Casting 
Aluminium Alloy Ingots 


By A Special Correspondent 


A noteworthy advance in the perfection of a process for direct cooling of ingots and 


billets, whilst they are being poured, is discusse?, 


Although concerned primarily with 


aluminium alloys, it is suggested that the process m7y also be advantageous with bronzes 
and other non-ferrous alloys. 


famous wrought alloy, Duralumin, and discovered 

the age-hardening phenomenon, which had far- 
reaching effects and gave fresh impetus to the aluminium 
industry, progress has not been concerned with the 
discovery of new alloys, but rather with improvements 
of existing alloys and the various methods of processing 
them. Thus, the well-known Y-alloy, for high-tempera- 
ture applications, and the Hiduminium range of 
alloys, may be regarded as typical examples of alloy 
developments in Britain which followed those: of Wilm. 
Parallel with alloy developments, however, great strides 
were made in manufacturing technique. Sand-, die-, and 
ingot-casting processes have now become highly devel- 
oped, while on the wrought side, pressing, extrusion, 
tube-drawing, and rolling of sheet and strip have been 
added to the older forging and stamping processes of 
working high-strength aluminium alloys. 

A more recent noteworthy advance in processing 
concerns the perfection of a process for the direct cooling 
of ingots or billets with water whilst they are being 
poured. This is a development by the Vereinigte 
Leichmetall-Werke, of Hanover, which is described in 
British Patent Specifications No. 492,216. In the 
process developed the metal is poured into a short water- 
cooled mould from which the bottom is lowered at such 
a rate that the ingot is not completely solid when it 
leaves the mould, thus permitting cooling water to come 
into direct contact with the ingot metal almost imme- 
diately after casting. 

For casting aluminium containing 3-5 to 4-5% of 
copper and 0-6 to 1-4% of both magnesium and man- 
ganese, an example is cited in which a mould may be 
25-30 cms. in diameter and 16—20 cms. long, into which 
the metal is poured to within 4 to 5 ems. of the top and 
the ingot lowered at the rate of 50-90 cms. per min. 
Several methods of cooling the mould and the ingot are 
given in the specification. 

Many investigators, particularly in Germany and the 
U.S.A., have experimented with devices designed to 
accelerate the rate of freezing non-ferrous ingots when 
being cast. This is of particular importance in the case 
of aluminium alloys, where the resultant relative freedom 
from segregation of alloying constituents and fine grain 
structure are of extreme importance, since they govern 
the properties of any wrought materials subsequently 
pro\uced from the cast ingots or billets. 

Several means of chilling ingots have been devised, 
an’ they include the employment of copper moulds, 
wat 1-cooled iron moulds and moulds made of light steel 
she' which are submerged in water either before or 
imni-dietely after casting. 


~ INCE 1910, when Wilm developed the now world- 


Ii was in Germany that a method of applying the 
coolant directly to the ingot being cast was first investi- 
gated, and in the early stages of the experimertal work 
the great advantage of having continuous contact 
between the cooling water and the ingot was emphasised, 
since this solved the problem associated with the con- 
traction of the freezing metal away from the surface of 
any mould, and thereby providing an insulating layer 
of air between the mould surface and the ingot. The 
remarkable improvement in the metallurgical structure 
of the ingots produced by direct cooling prompted the 
V.L.W. to carry out more thorough and exhaustive 
experiments, with the result that they arrived at a 
means whereby, to use the terms of the Patent Specifica- 
tion mentioned above, “ the molten metal is poured into 
a short water-cooled mould, the bottom of which is 
lowered meanwhile at such a rate in relation to the rate 
of pouring that the level of the molten metal remains 
more or less constant, where the rate of pouring is of 
such magnitude compared with the size of the mould 
that the ingot has not yet completely solidified through 
to the centre when it leaves the bottom of the mould, 
this (complete solidification) only taking place subse- 
quently by direct contact with the cooling liquid.” 
Since there is no fixed bottom to the mould provision 
can be made for pouring to continue as long as required. 
For this reason this method of casting is sometimes 
described as the ‘ continuous casting process.” 

After a number of trials it was found that the mould 
could be shortened very considerably and the chief 
novelty described in the Patent Specification under 
reference is that the mould is shorter in vertical height 
than the smallest diameter of the ingot, billet or slab 
being cast. 

At first it was thought that the shortening of the 
mould might result in a very considerable slowing up 
of the rate of pouring, if the solidified walls of the ingot 
were to be sufficiently strong to contain the molten 
interior metal, but in practice it was found that cylin- 
drical billets of over 40 centimetres diameter could be 
cast at speeds of up to 15 to 20 centimetres per min. 
provided that adequate supply of cooling water at 
approximately normal temperature were provided. In 
this connection British Provisional Patent Specification 
No. 61177 describing results ot investigation by Appleby 
is interesting in that it describes a particular and 
improved type ot water injection on to the ingot which 
is designed to produce the optimum rate or heat transfer 
to the coolant 

It seems probable that the importance of the direct 
cooling process has not been sufficiently appreciated in 
this country since many manufacturers, so far, have 








failed to avail themselves of the many advantages 
accruing from it; one of the latter is that the much 
improved properties obtained in some Duralumin types 
of alloy sheet, rolled from directly cooled slabs, permit 
of the specification mechanical properties being obtained 
whilst using much lower magnesium content than would 
be required when employing slabs cast in ordinary 
chill moulds. This, of course, gives much better rolling 
characteristics. Similar improvements in properties are 


Reviews of Current Literature 


The Metallurgy of Deep-Drawing and 
Pressing 


ORIGINALLY published in 1940, the fact that there was a 
deinand for a second edition within six months is very 
significant. It certainly shows that great was the need 
for a reliable and authoritative book on a subject which 
has become so important in recent years. It is doubtful 
whether any single process contributes more to the rapid 
production of both ferrous and non-ferrous metal parts 
as deep-drawing and pressing. Developments and 
improvements in the process have, in many respects 
revolutionised the manufacture of countless products 
and has enabled them to be produced at a speed which 
has greatly reduced their cost. 

The author deals with the subject in a comprehensive 
way; not only does he deal with pressing operations 
in an authoritative manner, but the book embraces 
information covering the manufacture of deep-drawing 
materials, methods of testing, defects and difficulties 
encountered in materials used for pressing. In addition 
presses, tools and lubricants are specially considered. 
In preparing the present edition the author has taken 
the opportunity to make such additions and modifica 
tions as new work published too late to be assessed in 
the first edition has rendered desirable, and also to 
enlarge the section dealing with light alloys and with 
‘soft metal ”’ tools. 

This book of 740 pages will be invaluable to all 
engaged in deep-drawing and pressing work, whether on 
the practical or scientific side, and it can be regarded as a 
standard work on the subject, one which will be used 
for reference purposes for many years to come. It is 
admirably produced and well illustrated ; an interesting 
feature being the half-tone illustrations, of which there 
are a considerable number, and are printed on cream 
art paper. 

By J. Dudley Jevons, Ph.D., B.Se., A.LC., with a 
Foreword by H. W. Swift, M.A., D.Sc. ; published 
by Chapman and Hall, Ltd., 11, Henrietta Street, 
London, W.C. 2. Price 60s. net. 


Fusion Welding of Wrought-Aluminium 
Alloys 


aluminium has been welded 
fully for some forty years, there are still many 
in industry who are not familiar with the 
technique required for fusion welding of aluminium, 
whilst even less is known about the welding of the 
alloys. The problems to be overcome are due to the 
characteristics of the metal, and these problems have 


ALTHOUGH 


success- 
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obtained in extruded sections or forgings made from 
directly cooled billets. 

Although there is no record of serious investigation, 
having been carried out in this country, it is probable 
that, by using this process, improvements comparable 
with those mentioned above might be obtained with 
bronzes and other non-ferrous alloys, but certainly the 
results so far obtained appear to warrant the closest 
attention of all metallurgists engaged in experimental or 
research work in connection with non-ferrous metak. 


been solved by changing the practice established for 
other materials having different properties. The practice 
adopted for aluminium and its alloys is admirably 
described in a booklet recently published by the Wrought 
Light Alloy Development Association. 

It deals first with the underlying reasons for the 
various difficulties encountered by operators inexperi- 
enced in the welding of aluminium. For example, the 
reasons for the difficulty of seeing exactly when fusion 
takes place, and the necessity for using flux mixtures 
of a certain type are explained. It also describes how 
the characteristics of the metal affect the welding 
procedure required for each of the fusion processes. A 
table is included summarising processes recommended 
for each type of aluminium alloy. 

In addition to full descriptions of the oxy-acetylene 
and other oxy-gas methods, details are given of the 
metallic are process, as well as several other processes 
not hitherto described in publications of this nature, such 
as the Weibel and Technotherm methods. 

The booklet is very fully illustrated with both photo- 
graphs and diagrams, particularly on those pages 
devoted to the preparation of the work, and the various 
welding techniques—leftwards, vertical upwards, ete. 
Flux compositions are summarised, and the methods of 
finishing, including removal of flux residues, are 
detailed. 

Seven tables summarise basic data, such as gas 
consumption, electrode size and current requirements, 
and even the information required for estimating welding 
costs. There is also a short section on the inspection of 
fusion welds, with diagrams giving added point to the 
text. 

This information is contained in W.L.A.D.A. Bulletin 
No. 5, and copies are available to all responsible persons 
with an interest in the welding of wrought-aluminium 
alloys on application to the Association, Unwin Cham- 
bers, 62, Temple Row, Birmingham, 2. 


Director of Light Metals (Extrusions 
Control 


Mr. Horace W. CLARKE retired from the directorship 
of the Light Metals Extrusions Control, for the organisa- 
tion of which he was initially responsible in October, 
1939. He is succeeded by Mr. G. Meredith, previously 
deputy-director under Mr. Clarke. Mr. H. J. Sells 
becomes deputy-director, and Mr. W. H. Smith, 
assistant director. 

Mr. Clarke is managing director of James Booth and 
Sons, Ltd., and of Wilkes, Sons and Maplebeck, Ltd. 
He has been chairman of the Wrought Light Alloys 
Association since its inception, and is actively concerned 
with other non-ferrous metal trades associations, as well 
as being a member of the Grand Council of the F.B.L 
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A Welding Flux for Monel Metal 
By W. M. Halliday 

HE stainless group of alloy steels, and especially 
Monel metal, present their own peculiar problems 
and obstacles in the way of successful welding for 

the welding engineer, and the reaction and behaviour 
of ordinary fluxes employed on other more common 
metals does not always follow the lines expected, or 
give results which are satisfactory. It has, of course, 
been claimed that good welding of such metals can be 
accomplished without the use of a flux at all, providing 
certain careful steps are taken to obviate all oxidation, 
and sealing. Unfortunately, with most workshop plants 
of customary type oxy-acetylene machines or equip- 
ment the task of totally excluding oxidation tendencies 
is not always feasible or successful, and in any case much 
trouble and added expense is likely to arise from any 
efforts made in such directions, unless a flux is employed. 

One of the chief reasons, but not the sole one, of 
course, for the use of a flux is to assist in arresting the 
oxidation of the surfaces to be welded which arises 
when heated up, and in some materials proceeds at a 
very rapid rate indeed. Thus, a good economical 
fluxing mixture which will assist both in preventing 
oxidation, scale formation, and at the same time promote 
the flow of welding metal, will, in practice, be found 
most advantageous and valuable, and certainly well 
worth the little trouble needed for its manufacture and 
application. 

It is to be regretted that apparently the study of the 
behaviour, applications and properties of fluxes employ- 
able in connection with stainless steels in general, and 
Monel metal in particular has been somewhat neglected. 
The reasons perhaps for this lack of scientific investiga- 
tion may be due to the fact that there is a growing 
tendency to conduct welding operations without flux 
at all wherever it is at all possible. Thus, the use of 
fluxes tends to be discouraged, and less thought and 
consideration is therefore applied to their value and 
capacities. 

To weld Monel metal by the oxy-acetylene method, 
a very useful time-saving flux to employ can be made 
up from the following recipe which has been used by a 
practical welder with excellent results. The constituents 
of this flux are as follows: Borax, in either crystal or 
flour powder form ; boric acid, in crystal form ; boric 
acid, in erystal form ; sodium silicate (this, of course, 
is ordinary water-glass); distilled water. Borax in 
crystal form will be found the most suitable. 

First, equal parts of borax and boric acid are dissolved 
completely in hot distilled water. One pint of water 
per 6 oz. each of boric acid and borax will be found a 
useful and convenient consistency. The resulting 
mixture then should be combined in equal parts with 
diluted sodium silicate, this latter having previously 
been reduced to approximately two-thirds its original 
strength by application of distilled water. 

Ordinary water may, of course, be used, but distilled 
water has been found far more reliable, due to the fact 
that its use avoids numerous sources of contamination 
of the resulting flux. Trouble with finished flux when 
ordinary undistilled water had been used were traceable 
to the presence of innumerable micro-organisms in the 
Water, setting up decomposition in the sodium silicate. 

lhe mixture should be made up in the form of a 
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thickish creamy paste, stiff enough to adhere snugly to 
a surface of component to be welded, whether in an 
angular or vertical position. 

The flux can be kept for a long period providing it is 
carefully stored in an air-tight container, and of, course, 
kept free from dirt, dust or excessive moisture. 

In applying the flux a brush should be employed and 
the surfaces well cleaned before coating. All the seams 
and joints which are to be welded should be completely 
covered by flux just prior to heating up so as to exclude 
the surface from all contact with external air. If this is 
done oxidation will be reduced to a minimum and a 
satisfactory weld made which, incidentally, should 
possess a far smoother surface and better appearance 
than is usually the case with such operations. 


A New Bimetal Battery Can 

In battery manufacture is is recognised that to cover 
the zine can with an external layer of lead will render 
the can immune to attack by the electrolyte and thereby 
preserve the usefulness of the cell, even in the case of 
local perforations of the zinc sheet. The idea of using 
such an expedient is accepted as being fundamentally 
sound. Until recently, however, technical difficulties 
have prevented the commercial application of this idea. 
The main difficulty encountered has been the production 
of lead-coated cans possessing a lead coat of sufficient 
thickness which could be manufactured at a low cost. 
This problem has now been solved in a novel way which 
presents no manufacturing difficulties, and incidentally 
effects considerable economy in zinc. 

Present battery cans, whether made by drawing, 
impact extrusion, or soldering of flat sheet, have to be 
of a thickness of at least 0-01 in. in order to enable the 
forming into a can, as well as to protect against premature 
perforation. The fact, however, that only a mere fraction 
of the zine is actually consumed in the total lifetime of 
the cell and the remainder is lost means a very consider- 
able wastage. This new can is made of two sheets of 
metal foil, an external one of lead and an internal one 
of zinc, formed into cup shape by folding along a multi- 
tude of radial folds compressed into a substantally 
smooth surface with the two pcrtions securely inter- 
locked along the pleats. By this method there is no 
limit to the thinness of the metal sheets employed, and 
the thickness of the zinc sheet can be almost exactly 
adapted to the actual consumption of zinc in the creation 
of electrical energy and the local action. 

The quantity of zinc is, therefore, only a fraction of 
that which is now required in a battery can, and even 
the combined amount of zinc and lead is substantially 
below the usual. Perforation of the zinc at one or several 
points does not affect the further function of the cell, 
due to the protective lead cover. No seepage of electro- 
lyte can take place and the cell remains useful until 
practically all the zinc has been consumed. 

By giving the cans a slightly conical shape they can 
be nested into one another. In this state they protect 
each other from damage in transit and only occupy a 
fraction of the space required for cylindrical cans. For 
use in high-tension batteries the connection wire can be 
affixed to the can by clamping in between the zine and 
the lead with or without the aid of solder. 

This new battery can, known as the “ O.J.B. bi- 
metallic battery can,” is manufactured by Andersen and 
Bruun (British), Ltd., Edinburgh Avenue, Slough. 
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TESTS OF CHARACTER 
SPECIALISATION 


Brymiil built its reputation on specialised practice. 
In the post-war epoch it will continue to do so 
more intensively. True, under present conditions, 
Brymill may have to act as General 
Practitioners in Steel, but Brymili Laboratory 
confidently anticipates the day when it can 
return to its “ Harley Street '* tradition and agai 


specialise. 
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